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ORIGINAL PAPERS 


A STUDY OF MULLITE REFRACTORIES FORMED 
BY CALCINING CYANITE, 
THEIR INDUSTRIAL APPLICATION’ 


By M. L. FREED? 


ABSTRACT 

This paper is a progress report of an investigation dealing with refractory bodies 
made of cyanite, either raw or calcined, and which was taken from a recently dis- 
covered deposit in India. The bodies were subjected to standard and modified labo- 
ratory tests for high grade refractories. Petrographic analyses indicated complete 
conversion to mullite in the test specimens and the results of the laboratory test indicate 
the bodies to be equal in quality to many so-called ‘‘super-refractories’” now on the 
market. 


Introduction 


Cyanite, one of the sillimanite group of min- 
erals, the other two being andalusite and silli- 
manite, has occupied the attention of numerous investigators for over 
acentury. Recently Greig* ably summarized the progress of knowledge 
of the sillimanite group. A résumé of his summary follows: 


Review of Literature 


! Published by permission of the Director of the Bureau of Standards of the U. S. 
Department of Commerce. Presented at the Annual Meeting, AMERICAN CERAMIC 
Society, Atlanta, Ga., Feb., 1926. (Refractories Division). 

2M. L. Freed, Research Associate for Henry A. Golwynne. 

3 J. W. Greig, ‘Formation of Mullite from Cyanite, Andalusite and Sillimanite,” 
Jour. Amer. Ceram. Soc., 8, 465 (1925). 
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Saussure! first began to experiment with cyanite in 1785, 
noting that on calcination, the mineral becomes opaque 
white, develops an open structure and crumbles easily. 
In 1889-90 Saussure was confirmed by Vernadsky? in observations 
as to color and texture. Beekman? in 1902 obtained results agreeing 
with Vernadsky’s, but concluded that the calcined product was not 
sillimanite as assumed by the former investigator. Shepherd, Rankin, 
and Wright‘ in 1909, however, obtained results agreeing with Ver- 
nadsky’s and called the calcined product sillimanite, basing their 
findings on Vernadsky’s density determination. 

In 1924, Bowen and Greig® proved that calcining cyanite or any 
of the members of the sillimanite group of minerals, produced the com- 
pound 3Al,.03*2SiO2 which they named mullite. In the same year 
Peck® described briefly the changes produced by calcining andalusite 
and cyanite, finding that cyanite breaks down to a chalky, friable 
mass, due to excessive expansion at the inversion point. 

Greig’ in his recent investigation found that the expansion during 
the alteration of cyanite into 
mullite (plus silica) is so 
great that any ware made 
largely from this material 
would be shattered on firing. 


Historical 
Summary 


Scope of Investigation 


Percent Expansion 


Results of previous experi- 
600 700 00300 mental work on cyanite have 

— = not been applied practically, 
Fic. 1.—Thermal expansion of calcined cyanite no doubt because no com- 


(mullite and siliceous glass). 
mercially available deposit 


1 Saussure, ‘‘Voyage dans les Alpes,”’ 4, Neuch., 845 (1796). 

2 Vernadsky, ‘‘Note sur |’influence de la haute temperature sur le disthene,’’ Bull. 
Soc. Fran. Min., 12, 447 (1889). Also Vernadsky, ‘Sur la reproduction de la silli- 
manite,” Bull. Soc. Fran. Min., 13, 257 (1890). 

3 E. H. Beekman, “‘Over’t gedrag van distheen en sillimanite op hooge tempera- 
turen,”’ Verslagen Wisen Natuurk. Afd. Kon. Akademie van Wetenschappen Amsterdam, 
11, 295 (1902). 

4 E. S. Shepherd, G. A. Rankin and F. E. Wright, ‘“‘The Binary Systems of Alumina 
with Silica, Lime and Magnesia,’”’ Amer. Jour. Sci., 28, 293 (1909). 

5 N. L. Bowen, J. W. Greig and E. G. Zies, ‘‘Mullite, A Silicate of Alumina,’’ Jour. 
Wash. Acad. Sct., 14, 183 (1924). 

6 A. B. Peck, ‘‘Note on Andalusite from California; A New Use and Some Thermal 
Properties,’’ Amer. Mineralogist, 9, 123 (1924). ‘‘Changes in the Constitution and 
Microstructure of Andalusite, Cyanite and Sillimanite at High Temperatures and 
Their Significance in Industrial Practice,’ Jour. Amer. Ceram. Soc., 8, 407 (1925). 

7 J. W. Greig, op. cit. 
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of pure cyanite was known to exist. The recent discovery in India 
of commercially available deposits containing over 95% pure cyanite 
prompted the continuation, on a semi-commercial scale, of the work 
of the many investigators mentioned. 

Methods have been developed for converting cyanite into mullite 
by calcination, and for making refractories from mullite, either pure 
or mixed with bonding clay. 

Mineralogy 
This deposit of Indian cyanite occurs as a compact and 
coarsely crystalline schist. Outcrops on the surface 
appear as huge boulders. The color of the mass in general varies from 
a grayish white to a somewhat reddish brown with an abundance of 
large blue crystals. Mining at present is done by the open quarry 
method. 


Occurrence 


A microscopic examination of thin sections and rock 
fragments of 75 different samples from widely sepa- 
rated parts of the deposit shows the occurrence to be 
mainly cyanite with small amounts of topaz, pyrophyllite, corundum 
as inclusions, and interstitial quartz. 

Usual methods of analysis for the determinations of 


Petrographic 
Composition 


Chemical 
SiOz, Al,O3, Fe2O3; and and loss on ignition were 
Compositions ; 
employed. Other constituent oxides were not deter- 
mined. 


A typical chemical analysis shows the recalculated Al,SiO; to be 
over 90% for the regular run-of-mine and over 98% for hand-selected 
specimens. Table I shows the data obtained. Samples 1 (weathered 
rock) and 2 (unweathered) were selected from a trial shipment of 8 
tons and samples 3 and 4 were specially picked samples containing an 
abundance of blue crystals. 


TABLE I 
RESULTS OF CHEMICAL ANALYSIS 

1 2 3 4 
SiO, 30.28 34.66 36.15 36.47 
Al,O; 66.47 60.84 63.41 62.33 
Fe,0; .04 .07 — — 
TiO, 1.49 1.18 — — 
Loss on ignition 1.02 .90 — - 
Undetermined, including alkali .70 2.35 — — 


Preparation of Material 
The crude rock was prepared for calcination by crushing to pieces 
approximately 3 to 5 inches in diameter and was then fired to 1450°C 
in a gas-fired laboratory kiln of the recuperative, semi-muffle type. 
It was found by petrographic examination that by this treatment 
even such large pieces were wholly converted to interlocking mullite 
crystals and a siliceous glass. Contrary to the findings of previous 
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investigators, the calcining of the cyanite did not produce a friable, 
fragile mass. The larger fragments showed great expansion, but did 
not shatter (although a few deep cracks developed along the cleavage 
planes), and they could not be crumbled between the fingers. How- 
ever, one sample of rock showed the presence of considerable quartz 
and did break up, when calcined, into a friable mass of free silica and 
dense pieces of mullite. 

The prepared mullite was then crushed, ground, screened, and graded 
into various grain sizes from } inch down to fines. The fines were pro- 
duced by grinding 20-mesh material in a ball mill until all would pass 
a No. 200 sieve. . 

Preparation of Specimens 

A series of bricks,, 10x4}3x2} inches, was made by the dry-press 
process, using either pure cyanite, pure mullite, various mixtures of 
cyanite with clay, or mullite with clay. The pressed brick were dried 
and fired at 1500°C for three hours (cone 19). The compositions will 
be found in Table II. 


TABLE II 
COMPOSITIONS OF TRIAL BRICKS 
Series Cyanite Mullite Ball clay Fire clay Al:O; 

A 100 — — — —_ 
B 100 — — 
45 - 55 - 
D-K 75 25 - - 
D 80 20 

D-} 75 25 
E 61 -- 10 29 
F = 61 10 - 29 
G 75 — 25 


The various sizes of material used (whether raw or calcined) were 
carefully proportioned and these proportions were the same for all 
compositions. When using pure cyanite or pure mullite, a solution 
of gum was used as a binder. 


TABLE III 
RESULTS OF FIRING TRIAL BRICKS 
Series % linear change Description 
after firing to cone 19 of brick 
Length Width 

A + 3.75 + 5.55 Sound 
B — 0.62 0.0 Excellent 
c + 7.50 + 5.55 Discolored 
D — 0.62 0.0 Excellent 
D-K 0.0 0.0 Excellent 
D-F — 0.31 0.0 Excellent 
: +12.50 +11.11 Shattered, fragile 
F — 0.62 0.0 Excellent 
G + 3.75 +.2.77 Sound 
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Method of Testing and Results 


Sound bricks were obtained in all the series (see Table III) with the 
exception of E (alumina, cyanite, and fire clay). These showed ex- 
cessive expansion, were friable, and readily crumbled when touched. 
Series B (pure mullite); series D, D-K and D-F (mullite bonded with 
various clays); and series F (mullite, alumina and ball clay) all showed 
a maximum contraction of 0.62% in length and no change in width. 
The bricks all had a sound metallic ring when struck. Bricks of Series 
C were badly discolored by the fire clay. Bricks of Series A (pure 
cyanite) showed uniform expansion in all directions. The bricks of 
Series G (cyanite bonded with 25% fire clay) also exhibited uniform 
expansion and had the characteristic metallic ring of well-fired re- 
fractories. 

Bricks of Series C were omitted in all the tests following because the 
bodies were badly discolored and expanded, due evidently to the high 
percentage of fire clay. Bricks of Series E were omitted because of the 
excessive expansion and poor mechanical strength. Bricks of Series D 
were omitted in the softening point determination and the quenching 
test because of the almost identical composition with series D-K. 
The effects of varying the amounts of clay bond with cyanite or mullite 
and the composition of bricks of series E (alumina, cyanite and fire 
clay) are to be made the object of a future study. 

The softening point of bricks of series G was not determined be- 
cause, after firing, they were identical with bricks of series D-F with 
respect to ultimate composition. 

The specimen bricks were subjected to the standard 
Load Test 

load test following the method of the A.S.T.M. for 
“High Heat Duty Refractories” (Serial Designation C 16-20). Where 
this test was not considered sufficiently severe, it was modified. The 
results are shown in Table IV. 


TABLE IV 
RESULTs OF LoAp Test (Percent deformation) 


Standard A. S. T. M. 


test. 25 lbs. per 25 Ibs. per sq. in 50 Ibs. per sq. in 50 Ibs. per sq. in 

Series sq. in. at 1350°C ~— at: 1400°C for 1} hrs. at 1450°C for 1} hrs. at 1500°C for 14 hrs 
for 14 hrs. 

A — - 1.77 

B 0.0 — — 2.85 

D 0.0 

D-K 0.0 0.0 Failed 

D-F 0.0 0.0 Failed 

G 0.0 - - 3.90 


F 0.0 — 
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It was shown that all the bricks tested could withstand the standard 
A. S. T. M. Load Test. The failures occurring in the clay bonded 
mullite bricks (Series D-K and D-F) were evidenced by a diagonal 
shearing of the bricks. That this was due to the softening of the bond 
is borne out by the fact that the pure cyanite brick (A) did not fail 
under the equally severe test of 50 pounds per square inch at 1450°C. 
The softening point test was carried out according 
to a method used by the Bureau and known as 
the A.S. T. M. Standard Method, Serial Designation C 24-20. The 
determinations in terms of cone numbers are shown in Table V. 


Softening Point 


TABLE V 
RESULTS OF SOFTENING Portnt TEST 
Series Composition Remarks 
A Pure cyanite Remained rigid at cone 35 
B Pure mullite Remained rigid at cone 35 
D-K Mullite + 25% ball clay Remained rigid at cone 36 
D-F Mullite +25% fire clay Softened between cones 36and 37 


No attempt was made to determine the exact softening point of 
the pure cyanite or mullite. The ability of the pure material t» remain 
rigid at cone 35 was sufficient to show that the life of the pure brick 
in actual service would be excellent so far as refractoriness is concerned. 
The absorption was determined on specimens cut from 
the brick and weighing not less than 100 grams. 

The absorption data are shown in Table VI and compare favorably 
with those obtained on well-fired fireclay brick. 


Absorption 


TABLE VI 
ABSORPTION OF FIRED BRICK 
Series A B D D-K D-k G 
Absorption 14.3 18.2 19.9 16.9 13.2 14.9 
: The resistance to spalling was determined by a quench- 
; ing method which followed in principle the tentative 
to Spalling 


A.S.T.M. method. It consists in heating the bricks 
at one end of a kiln door to 850°C and plunging them half way into 
running water. The bricks are allowed to remain in the water three 
minutes, taken out, allowed to steam in the air for five minutes, and 
then returned to the kiln door. The process is repeated in hourly 
cycles until the entire end of the brick has spalled off or can be easily 
removed with the fingers, which is interpreted as failure. Five bricks 
of each series were quenched and the results are reported in Table VII 
as the average number of quenchings required to produce failure. 
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TaBLeE VII 
RESULTS OF QUENCHING TEST 
Number of quenchings from 850°C 


Series to running water 

A O. K. after 60 (test discontinued) 
D-K O. K. after 73 (test discontinued) 
D-F O. K. after 73 (test discontinued) 
G Failed after 6 quenchings 

B Failed after 29 quenchings 


There is no evident reason for the failure of bricks of series G (75% 
cyanite and 25% fire clay) after only six quenchings. The failure of 
bricks of series B, after 29 quenchings, may be due to the fact that they 
were bonded with a proprietary brand of material instead of a gum 
solution, for it was noted that they developed small cracks while dry- 
ing. However, they were fired along with the rest of the series for com- 
pletion of the data. The results, therefore, are not strictly comparable. 
The cyanite brick of series A bonded with gum, and the clay bonded 
mullite bricks of series D-K and D-F, exhibited excellent resistance 
to spalling. 

A 1x1x6-inch bar of calcined cyanite (mul- 
lite and siliceous glass) was found to expand 
uniformly from 20° to 1000°C! with a coefficient of 0.0000056. The 
curve is shown in Fig.-1. 

A slag erosion test as developed at the Bureau and de- 
scribed by Geller? was conducted upon bricks of series 
A, D-K, and D-F to determine the relative resistance 


Thermal Expansion 


Resistance to 
Slagging 


of the bricks to the combined action of molten slag and flue gases at 
high temperatures. 

A test chamber approximately 24x 24x 4} inches inside was built 
into a laboratory kiln. The test bricks formed a baffle wall against 
which the flame from a compressed air burner impinged. This flame 
carried with it finely-ground slag introduced through a refractory 
tube by a slow stream of air just above the burner and so directed 
that the slag was distributed upon the crest of the flame impinging 
on the test panel. 

The interior of the kiln was brought to 850°C and maintained at 
this temperature throughout the test by means of the burners at the 
side which are used regularly in firing the kiln. The temperature of 
the interior of the test chamber was raised to 1450°C by means of the 
compressed air burner and maintained there for four hours, during 


1 For description of method used, see forthcoming ‘“‘Second Progress Report of 
the Investigation of Sagger Clays,” by R. A. Heindl. U.S. Bureau of Standards. 

2 R. F. Geller, “Testing of Fireclay Brick with Special Reference to Their Use 
in Coal-Fired Boiler Settings.” U.S. Bur. Stand., Tech. Paper, No. 279, page 127 
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which time four pounds of slag were gradually: introduced through the 
refractory tube as described. 

The finely-ground slag, falling into the flame was picked up, the finer 
grains were melted almost instantly and the entire charge was carried 
against the test bricks in the cover of the test chamber. The slag 
flowed down across the face of the test panel at the back and was re- 
tained in the pocket at the bottom while the flame swept on and down 
to the recuperator through two flue holes left in the side walls of the 
test chamber. 

The slag had a softening point of 1100°C and was prepared in the 
laboratory by calcining and grinding (to pass 100-mesh) the proper 
raw materials to approximate a high sulphur, low fusing coal ash of 
the following composition :! 


SiO, Al,O; TiO: CaO MgO K,0O- SO; 
30.7 19.6 18.9 0.5 12.2 


The bricks showed only slight signs of erosion, comparing favorably 
with the most resistant clay brick. It is possible that the slag as pre- 
pared was not corrosive enough in its action to produce comparable 
results. 

Conclusion 


Mullite, pure, or bonded with clay, produced refractory bodies 
capable of withstanding standard and modified laboratory tests for 
high grade refractories. The bodies were highly refractory and showed 
excellent resistance to deformation under load and to spalling. They 
also showed a uniform rate of thermal expansion. In general the 
results obtained to date indicate that, with commercial quantities of 
the pure mineral available, the prospects for the development of mul- 
lite as a so-called “‘super-refractory”’ appear very bright. 
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By H. C. HarRIson? 


ABSTRACT 

The dissociation of cyanite into mullite was studied. Bricks were made of various 
mixes and their properties are given. Twenty per cent is about the minimum amount 
of clay which will give the proper bond. It was found desirable in some cases to add 
MgO in small amounts to promote a crystalline bond between the dissociated cyanite 
grains and the bonding material. In Pt. II the phase rule equilibrium relations are 
discussed. 

Previous Work 

Previous to 1923, sillimanite was supposed to be the stable high 
temperature form of AlxO;—SiOQ2 and it was thought that cyanite and 
andalusite having the same composition inverted to this phase at 
temperatures from 1320° to 1380° C.3 About this time, Boweén and 
Greig of the Geophysical Laboratory published the findings of their 
investigation of the system AlsO;-SiOe.4 This work showed that 
sillimanite had no stable range at high temperatures although it was 
very inert and unaffected by heating to any temperature below 
1545° C. The work also proved the existence of the compound 3AlI,O; 
2 SiOz which was named mullite and showed that the isomeric minerals 
sillimanite, andalusite, and cyanite, all dissociate at high temperatures 
into mullite and either silica or a highly siliceous glass. 

In a later paper J. W. Greig reported the results of a study of the 
“Formation of Mullite from Cyanite, Andalusite, and Sillimanite.’” 

In this work, Greig reports that cyanite alters at the lowest tempera- 
ture of any of the three minerals and that 


in the cases of cyanite and of andalusite the alteration commences on the surfaces of 
the grains and advances inward. In that of sillimanite the change seems to take place 
throughout the grain. 

When andalusite and sillimanite are decomposed, the newly formed mullite crystals 
are oriented parallel to the original crystals; with cyanite this orientation is determined 
by the surfaces from which the mullite grows. 

In all three cases the new phases formed are of lower density than the original mineral 
so there is an expansion accompanying the decomposition. 


Peck® has reported the results of an investigation into the possibility 
of using cyanite, andalusite, and sillimanite as ceramic raw materials. 


1 By permission of the Director Bureau of Mines. Presented at the Annual Meeting, 
AMERICAN CERAMIC Society, Atlanta, Ga., Feb., 1926. (Refractories Division). Received 
March, 1926. 

2 Codperative Research Engineer, Bureau of Mines, Ceramic Experiment Station, 
Columbus, O. 

3 Dana. A System of Mineralogy. 

4 Jour. Amer. Ceram. Soc., 7 [4], 238 (1924). 

5 Jour. Amer. Ceram. Soc., 8 {8], 465 (1925). 

6 Jour. Amer. Ceram. Soc., 8 |7], 407 (1925). 
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In his summary he concludes that due to the large expansion accom- 
panying the dissociation of cyanite and the friable nature of the result- 
ing product, it is unsuited for use as a ceramic material unless it is 
previously calcined to a temperature above its dissociation range. 


The Raw Material 


The cyanite with which this investigation is concerned is from a 
deposit occurring near Pamplin, Va. The rock from which the mineral 
is concentrated contains roughly 25% cyanite and 75% quartz. In 
addition to these two principal minerals there is a small percentage of 
rutile and a very small amount of mica. The rock near the surface also 
carries iron oxide as a stain on the surface of the other minerals. The 
color of the cyanite varies from a blue (or blue-green due to the yellow 
iron stain on the surface), to a very pale gray. The yellow iron stain 
which gives the cyanite a green cast may easily be removed by washing 
with acid revealing the blue color of the cyanite. The nature of the rock 
varies from a rather friable coarse-grained mass containing a large 
percentage of quartz and deep colored crystals of cyanite to a fine- 
grained fibrous mass which is tough and contains a high percentage 
of cyanite varying from slightly colored crystals to crystals which are 
practically white. 

The rock after being crushed and ground is concentrated (tabled) 
for use. The following is a chemical analysis of the cyanite concentrate 
upon which the major part of the work was done. 


Ignition loss 0.27% CaO 0.10 
Al,O; 58.62 MgO 0.24 
SiO, 38.54 K,0 0. 
Fe,0; 1.54 0.25 
TiO, 0.64 Mean sp. gr. 3.57 
0.02 


When figured to mineral composition this analysis represents 93% 
cyanite and 4% quartz together with 3% of accessory minerals. 


Dissociation Studies 


A study of the dissociation of cyanite was made on the first sample of 
concentrate received which, unfortunately, was not as high grade as 
that upon which the subsequent work was done. This concentrate 
showed the following analysis: 


SiO, 45.18 CaO none 
Al.Os 52.08 MgO 0.11 
Fe,0; 1.82 
TiO, 0.40 99 .87 


POs 0.28 Mean sp. gr. 3.46 


‘ 
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The analysis figures to be about 83% cyanite and 14% quartz. 
The screen analysis of the material as received was: 


Screen mesh Per cent Screen mesh Per Cent 
On 20 3.2 on 48 14.2 
48.5 Through 65 1.0 


The calcines for the dissociation study were made in a vertical 
cylindrical platinum wound resistance furnace. The furnace core of 
alundum was 15 inches long and 1 inch inside diameter with a wall 
thickness of § inch. The heating unit is externally wound on this tube 
for approximately 9 inches of its length. A uniform temperature zone 
about 3 inches long was located and all calcinations were run in this 
zone. 

Some of the concentrate as received was ground wet for 68 hours in a 
porcelain jar mill to 100% through 300-mesh. 

The calcines were made up by placing about 12 grams of the con- 
centrate as received in a nickel crucible of the J. Lawrence Smith type. 
A second crucible was then set on the material in the first and about 
12 grams of the finely-ground concentrate placed in it. A platinum, 
platinum-rhodium thermocouple hot junction was embedded in the 
powder contained in the upper crucible. The crucibles were then 
suspended in the furnace and heated in about 2} hours to the desired 
temperature, which was then maintained for one-half hour. At several 
of the temperatures a second calcination was made in which the tem- 
perature was main- 
tained for five hours. 
Specific gravity deter- 
minations were run on 
the calcined powder by : 
the pycnometer method. - 900 
The results of this study 
are shown in Fig. 1. 

In Fig. 1, the heating 
curves for the different 
runs are given, desig- 
nated by a C and the aba 
number of the run. At of 
the right of the figure 
the curves for the mean Hours 
specific gravity of the Fic 1. 
calcines are given. The 
curve for the coarse material is marked B, while that for the fine 


001-4 Heating Curves Spec ific Gravity, 
1 of Calcine 7 


Degrees C 
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material is marked Fy. The values obtained when the temperature was 
maintained for one-half hour are the points used to establish the curve. 
The results obtained when the temperature was maintained longer 
than one-half hour are indicated as points with the calcine number and 
letter indicating the grain size. 

The values for the specific gravity of the 300-mesh concentrate were 
lower than those for the coarse material even before being calcined due 
probably to contamination from the grinding process but this is of no 
significance as the purpose of these tests was to establish the effect of 
grain size on the temperature and rate of volume change. 

The curves seem to indicate that with fine material the dissociation 
starts and is completed at somewhat lower temperatures than with the 
coarser concentrate. This is to be expected from the findings by Greig 
whose work was published after these tests were completed. He states 
that the dissociation starts at the surface of the cyanite particles and 
progresses to the center. It would therefore be expected that increased 
surface and decreased volume would hasten the dissociation. 

The specific gravity curves seem to indicate that with the coarse 
concentrate the dissociation progresses rapidly at about 1300°C but 
is not complete even at 1350°C. The dissociation of the fine material 
tends to be less abrupt than the coarse and is complete before 1350°C. 
No reliable quantitative results were obtained on the effect of time on 
the dissociation due to the hump in curve C12. Point 12 F, would have 
lain nearer the specific gravity curve if it had not been for the hump 
in the heating curve. The indication is that time is not so vital a factor 
as is temperature in governing the rate of inversion above the initial 
reaction temperature. 


Bond Clay Tests 


After considering the various clays available for bonding the con- 
centrate in making brick, it was decided to use those with high alumina 
contents. This type was chosen with the idea of keeping the Al.O; 
content of the refractory as high as possible. Four diaspore clays and 
three Georgia bauxitic clays were used in the study. All of them were 
“short,’”’ that is, not highly plastic. 

The trials were made by grinding the clay to a thick slip and mixing 
with the concentrate, then dewatering the batch on plaster protected 
by muslin. When sufficiently dry the batches were granulated and dry 
pressed into briquets 2x1x} inches at a pressure of 2900 pounds 
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per square inch. Trials of each batch were fired to cone 14, 20, 26, and 
30. The linear shrinkage and the fired porosity of each trial was deter- 
mined. 

With the type of clays used and with fine ground uncalcined con- 
centrate, the trials seemed to indicate that 10% clay gave insufficient 
strength either in the dry unfired state or when fired to cone 14, the 
lowest temperature at which it was assumed that the dissociation would 
probably be complete. With increased grain size, more and more bond 
clay was required until with mixes containing particles which just 
passed a 20-mesh screen, about 40% clay on the calcined basis was 
required to give the briquets a promising strength when fired at the 
temperature employed. 

The properties of the briquets did not vary a great deal with the 
different clays used. The results obtained with one of the Georgia 
bauxitic clays (G-14), which was later chosen for use in making up some 
of the bricks, is given below as a characteristic example of the properties 
of the briquets. (See Table I.) 

The grain size number indicates the mesh of the screen that the 
largest particle of concentrate in that particular batch will just pass 
and from this the particles grade down to the fines. The batch marked 
““K” indicates that the concentrate has been calcined. The grain size 
of this batch corresponded with number 28. The mean specific gravity 
of this calcined concentrate was 3.01. The composition of batch number 
14, the one given was Georgia bauxitic clay, 32% and cyanite concen- 
trate, 68%. This gives an alumina-silica ratio of slightly over 1 to 1. 

Analysis of the bauxitic clay used : 


Moisture at 105°C .46 P.O; 0.01 
Loss on ignition 25.41 CaO 0.31 
SiO, 14.42 MgO 0.12 
Al.O; 56.23 K,0 0.00 
Fe,O; 0.93 Na,O 0.06 
TiO, 2.34 Sulphur 0.06 

100.35 

Deformation (cone) 39 


The results of these trials showed that raw concentrate could be used 
satisfactorily and that a body made of the calcined concentrate would 
change very slightly in firing from the molded size. 

The results in the above table also showed that the expansion upon 
firing of the test pieces containing raw concentrate varied greatly with 
the grain size of this material. 
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Bricks of Raw Cyanite and Bauxitic Clay 


3 A screen analysis of the raw materials 
showed that the grain size of the concentrate 
2 did not range uniformly from the largest : 
size to the smallest but that a large percent- 
ZOnoocOonmo age of the particles was relatively coarse 
and another large percentage was quite fine, 
while there was only a small percentage of 
m particles of intermediate sizes. The follow- 
Be ing screen analysis is typical: 
= = Screen Per cent retained on Screen Per cent retained on 
28 0.0 100 0.6 
: 35 31.5 150 4.5 
St 48 27.7 200 4.8 
Souwnounno 65 200 27.2 through 
Bricks were made up by the same method 
. : as the briquets only that they were formed 
o> at a pressure of about 600 pounds per square 
%ovmam«owmaen inch. The results of the first series of bricks 
F: 822222 made up with bauxite clay for bond showed 
- - when raw concentrate was used the brick 
containing cyanite coarser than 28-mesh did 
o NOt fire successfully due to the volume change 
Zacn+eac_ in the cyanite. They also showed that at 
gS ' ' least 20% of this particular clay must be 
, added to give sufficient bond to the brick. 
Zs If the above precautions were not followed 
the brick showed an undue tendency to 
5 crack upon firing. Presumably this was due 
+ to the elbowing of the particles during the 
Z ae expansion of the raw cyanite at the dissocia- 
“ge%xo%7o“”™ tion temperature. Also, it was found that if 
the firing temperature was raised too rapidly 
Ps} through the dissociation range, which was 
assumed to be between cones 7 and 14, the 
Oe bricks showed a decided tendency to crack ’ 
aaa ass and be punky. With all the brick containing 
“ 28-mesh raw concentrate, seven to eight F 
é hours or more were required to pass success- le 
a fully through the dissociation range. Several 
attempts were unsuccessful when only two 
s = to three hours were allowed. In some of the 


later brick which were made with smaller 
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grain sizes this point was not so important due to the more gradual 
dissociation induced by the greater surface exposed by the cyanite 
particles. 

The first successful bricks contained raw concentrate and were made 
up as described above. They were fired to cone 30 observing the 
above precautions. The properties of these brick are given in columns 
1 and 2, Table II. 


TABLE II 
68% concentrate 68% concentrate 68% concentrate 
(93% cyanite) (raw) (93% cyanite) (raw) (93% cyanite) (calcined) 
32% Ga. bauxitic 32% Ga. bauxitic 32% Ga. bauxitic 
clay (G14) clay (G14) clay (G14) 
Per cent Al,O;-SiO, SiO, 34 SiO, 34 SiO, 34 
ratio (fired basis) Al,O; 63 Al.O; 63 Al,O; 63 
Maximum grain size 28-mesh 48-mesh 28-mesh 
Firing temp. Cone 30 Cone 30 Cone 18 
Firing time 32 hrs. 32 hrs 33 hrs. 
Av. linear expan- 
sion on firing % 5.56* 2.33* ao 
Porosity % 45.6* 43.0* 47.43** 
Load test 25 lbs. 13 hr. at 1500° C 13 hr. at 1500° C 13 hr. at 1500° C 
per sq. in. % 6.85 contraction 4.0 contraction 3.25 contraction*** 
Spall test % Total loss 10 Total loss 10 Total loss 8 
(standard) 1350° C  immersions 18.5 immersions 22.7 immersions11.95*** 


* Average for 3 bricks. 
** Average for 10 bricks. 

*** Average for 2 bricks. 

In the hope of making a refractory which would be more commercially 
possible, a number of brick were made up by the same method as the 
above and of the same composition but using calcined cyanite con- 
centrate which showed a mean specific gravity of 3.04 and of the 
following screen analysis: 


Screen no. Per cent retained Screen no. Per cent retained 
28 0.0 100 9.6 
35 32.2 150 
48 31.9 200 1.9 
65 11.8 200 7.5 through 


These brick were fired to cone 18. Their properties will be found in 
column 3, Table II. 
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A study of thin sections of the above brick was made. This seemed 
to indicate that there had been little action between the cyanite particles 
or their dissociation products and the refractory bond. The particles 
were merely imbedded in a more or less sintered mass of clay bond. In 
the case of the brick made with raw concentrate the character of the 
dissociated cyanite particles could be observed. As described by 
J. W. Greig, the crystals of mullite formed during the dissociation are 
parallel and extend into the original particle perpendicular to the 
surface. When crystals from two adjacent surfaces meet, their growth 
apparently stops and as the dissociation continues with its accom- 
panying expansion, a crack opens up at the edge of the particle. Thus 
each particle is split into six smaller particles and any sectional. view 
shows four of them somewhat similar to a Maltese cross. 

Unfortunately there seems to be no intergrowth or interlocking of the 
mullite crystals but rather an opening up of pores extending into the 
center of the particle from each edge. Even in the case of brick made 
from calcined concentrate, the particles of dissociated cyanite are 
imbedded in the clay as in the above case with no apparent action 
between the two. The clumps of smaller particles formed by the disso- 
ciation as described above are in some cases clinging together while in 
others the smaller particles have been separated and are entirely sur- 
rounded by clay. 


Fluxes to Induce Crystal Bond 


As shown in the table of properties, all of the above brick have a very 
high porosity. In the hope of reducing this porosity and of promoting 
a secondary growth of crystals in the brick during firing, a study was 
made of fluxes which might be added to the batch. In this connection 
three batches were made up of: 

(1) Cyanite concentrate 66.7% 

Al,O; (calcined) 33.3% 


(2) No. 1 batch to which was added 0.5% of MgO as such 
(3) No. 1 batch to which was added 0.5% of CaO as such 


These three batches were ball milled for an extended period and cast 
into test bars. The batches were figured to contain about 72% Al.Os; 
with the remainder SiO, and fluxes. This composition is slightly over 
the mullite ratio. Upon firing to cone 20 the batch containing no 
added flux and the one containing CaO were very similar, both showing 
an apparent porosity of approximately 21%. The batch containing 
0.5% MgO fired at the same time showed a much higher shrinkage and 
apparent porosity of less than 3%. 

Some of the properties of the batch containing the 0.5% MgO are 
shown below in Table IIT. 
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TABLE III 


Temp. of firing Bar no. Firing shrink. Apparent porosity Modulus of rupture 
(per cent) (per cent) (Ibs./sq. in.) 

(1 0.5 51.97 2602 
Cone 12 2 0.5 50.65 4110 
3 0.5 51.67 3237 
1 a9 44.93 2528 
Cone 14 2 3.0 45.62 2208 
3 4.0 41.81 2965 
( 1 7.0 37.37 2487 
Cone 16 12 7.0 36.92 3029 
7.0 36.00 2825 
1 12.5 22.59 10960 
Cone 17 + 2 12.5 24.07 10880 

3 11.5 26.49 3488 bar checked 
(1 19.0 1.05 18440 
Cone 18 ) 2 19.0 2.10 15370 
| 3 18.5 2.67 13450 
1 20.5 2.62 14330 

Cone 23 2 18.0 0.41 5225 bar checked 
3 18.5 0.09 12110 


Bricks were made up by the same method as described previously. 
The screen analysis of the concentrate used was very similar to the 
one given in Table II for the bricks which contained raw concentrate. 
MgO and CaO were added to these mixes with bauxitic clay as shown 
in Table IV. In another series diaspore was used as the bonding 
material, results of which are shown in Table V. 

The analysis of the Missouri diaspore clay used in the brick in 
Table V is: 


Moisture at 105°C 0.07% P.O; 0.44% 
Ignition loss 5.03 CaO 0.26 
SiO, 17.34 MgO 0.37 
Al,O3 68 .84 Na,O 0.51 
Fe,O; 1.16 K,O 1.48 
TiO, 4.02 
99.52 


As will be seen, the attempt to lower the porosity by these methods 
failed. This was due doubtless to the relatively coarse nature of the 
brick mix. 

The next attempt to produce a brick of lower porosity was by finer 
grinding of the concentrate and using ball clay as the bonding material 
the analysis of which is: 


| 
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Kentucky Ball Clay 


Water at 212°F 


SiO, 
Al 20; 
Fe,0; 


Al,O;-SiO, 
ratio (fired basis) % 
Maximum grain size 
Firing temp. 
Firing time 
Av. linear expansion 
on firing (%) 
Porosity (%) 
Load test 25 Ibs. 


per sq. in. % 


Spall test (standard) 
C % 
* Average for 2 bri 


Composition 80% concent 
(per cent 


raw basis) 


(93 cyanite 


clay 
Al,O;-SiO, SiO. 35 
ratio (fired Al.O; 61 


basis) % 
Maximum 
grain size 


28-mesh 
Firing temp. Cone 20 
Firing time 
Av. linear 


expansion 11.05* 
on firing (%) 


Porosity (%) 48.25* 


20 Mo. diaspore 


75 hrs. av. 


14.23% 

61.32 

22.46 
0.15 


TABL 


68% concentrate 
(93% cyanite) (raw) 

32° Ga. bauxitic 
clay (G14) 

0.5% MgO 

SiO, 34 

Al.O; 63 


28-mesh 
Cone 20 
75 hrs. av. 
7.35* 

49 .91* 


2 hrs. at 1450 C 
5.81 contraction 


Total loss 8 
immersions 36.86 
cks 


TABLE V 
rate 72% concentrate 80% concentrate 
) (raw) (93 cyanite) (raw) (93 cyanite) (calcine 
28 Mo. diaspore 20 Mo. diaspore 
clay clay 
SiO, 33 SiO, 35 
Al.O; 62 Al.O; 61 


28-mesh 


Cone 20 


75 hrs. av. 


10.0* 


48 .0* 


Kentuck 
CaO 
MgO 
Alkalis 


E IV 

68% concentrate 
(93% cyanite) (raw) 

32 % Ga. bauxitic 
clay (G14) 

0.5% CaO 

SiO, 34 

)3 63 

28-mesh 

Cone 20 


75 hrs. av. 


1* 

50.7° 

2 hrs. at 1450 C 
5.56 contraction 


Total loss 2 
immersions 32.44 


28-mesh 


Cone 20 


75 hrs. av. 


Load test 2hrs.at 1370°C 2hrs. at 1370° C 
25 Ibs. per 4.51 con- 2.6 contraction 
sq. in. (%) traction 


Spall test 
(standard) 
1350° C (%) 


sions 


No appreciable 
loss 10 immer- 


sions 


* Average for 2 bricks 


No appreciable 
loss 10 immer- 


Total loss on 
4 immersions 


22.70 


y Ball Clay 
none 
1.50 
0.34 


100 .00 


68% concentrate 

(93% cyanite) (calcined) 
32% Ga. bauxitic 

clay (G14) 
0.5° MgO 


SiO, 34 


Al.f )s 63 
28-mesh 
Cone 20 


75 hrs. av. 


37.93" 


14 hrs. at 1500 C 
3.73 contraction 
warped 0.15” center 


No appreciable loss 
on 10 immersions 


72% concentrate 
(93 cyanite) (calcined) 
28 Mo. diaspore 
clay 
SiO, 33 
Al,O; 62 


d) 


28-mesh 


Cone 20 


75 hrs. av. 


0.4* 


38.35* 

14 hrs. at 150 C° 
2.68 con- 
traction 


No appreciable 
loss 10 immer- 
sions 


|_| 
| 
| 
i 
38.1* 
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To some of these ball clay bonded brick, talc was added to supply 
magnesia as a flux. The analysis of the talc used was: 


Loss on ignition 5.71 CaO 5.69 

SiO, 57 .43 MgO 27.78 
Al,O; 2.14 K,0 0.49 

Fe,O; 0.59 Na:O 0.14 

P.O; 0.08 

TiO, 0.06 100.11 


The properties of these brick are given in Table V. Bricks shown in 
column 1 Table V showed better in the laboratory test than any 
other bricks made in this study. The bricks containing the talc did not 
show up well in the spall test. This may have been due to the lime 
in the talc which was present as tremolite. 

The data shown in Table VI was an attempt to make a brick of 
near the mullite ratio of alumina to silica with a low porosity. As can 
be seen from the table of properties the attempt was not entirely 
successful. 


TABLE VII 
48.7°% concentrate 48.7% concentrate 
(93% cyanite) (raw) (93% cyanite) (raw) 
51.3% Mo. diaspore 51.3% Mo. diaspore 
clay clay 
+ 
0.5% MgO 0.5% MgO 
Al,O;-SiO; ratio SiO, 28 Firing time 35 hrs. 
(fired basis) % Al,O; 66 Av. linear expansion 
on firing (%) 1.6* 
Max. grain size 65-mesh . 
Porosity 41.8* 


Firing temp. Cone 20 


* Average on 2 bricks 


14 hr. at 1500° C 


2.5% contraction 


Load test 25 lbs. 
per sq. in. 


Spall test from 25 immersions hair 
850° C line cracks on end 


Effect of Low Grade Cyanite 


In order to get some idea of what could be expected of a lower grade 
concentrate, the brick in Table VIII were made with cyanite of the 


following analysis: 


Ignition loss 0.30% 
SiO, 47.26 
Al,O; 49 .82 
Fe,0; 1.16 
TiO, 0.92 
P.O; 0.01 


CaO 0.80 
MgO 0.08 : 
K,0 0.00 

100.38 


Mean sp. gr. 3.42 
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This analysis figures approximately 79% cyanite and 18% quartz. 
y q 


TABLE VIII 


80% concentrate 80% concentrate 
(79% cyanite) (raw) (79% cyanite) (raw) 
20% Ky. ball clay 20% Ky. ball clay 
Al,0;-SiO: SiO, 52 SiO, 52 
ratio (fired basis) (%) Al.O; 46 Al,O; 46 
Maximum grain size 65-mesh 65-mesh 
Firing temp. Cone 20 Cone 16 
Firing time 30 hrs. 30 hrs. 
Av. linear expansion on 
firing (%) 4.30" 5.65** 
Porosity (%) 35 
Load test 25 Ibs. 2 hrs. at 1450° C 
per sq. in. (%) 1.9 contraction** 
Spall test (%) from 1350° C total 


loss 5 immersions 18.18 
from 850° C total loss 
21 immersions 11.00 
* Average on 6 bricks 
** Average on 2 bricks 


In the case of the bricks shown in Table IX the concentrate showed 
the following analysis: 


SiO, 49.54% 
Al.O; 45.52 
Fe,O; 2.45 
TiO, 1.94 
Total 99 .45 


which indicates 72% cyanite and 23% quartz. 


TABLE IX 
80% concentrate 80 concentrate (72% 
(72% cyanite) (raw) cyanite) (raw) 

20% Ky. ball clay 20% Ky. Ball clay 
Al,O;-SiO, SiO, 53 Firing time (hrs.) 30 
ratio (fired basis) Al,O; 42 Av. linear expansion 

(%) on firing (%) 4.65* 
Max. grain size 65-mesh 
Porosity (%) 34.87%* 

Firing temp. Cone 20 


| From 1350° C total 
loss 5 immersions 
Spall test (%%) 47.93 
From 850° C total 
loss 18 immerisons 


* Average on 4 bricks \ 12. 
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The brick in Tables VIII and IX were made of the same composition 
as brick in Table VI without flux, that is, 80% concentrate and 20% 
Kentucky ball clay. The table shows the effect of an increasing amount 
of quartz on the properties of the brick. 

All of the low temperature spall tests (850°C) were heated in the 
door of an electric furnace (nichrome resistance type). The effect of 
atmosphere was accordingly absent. 


Microscopic Examination 


A microscopic examination of thin sections of brick made up with 
ball clay indicated that there was a slight tendency for the clay to 
react with the calcined cyanite particles and also that a very fine 
structure tended to develop in the clay between the particles. 
(See Fig. 2.) 

In the brick made up with ball clay and with MgO added as talc 
for a flux, the thin sections showed considerable reaction between the 
clay and the altered cyanite particles with the development of mullite 
crystals in non-parallel orientation extending from the edges of the 
particles into the clay between them. In the cases where the larger 
amount of talc was used (see Fig. 2), the mullite crystals above men- 
tioned were relatively gross and well developed. 

In the cases where MgO was added as such to refractory clays it 
seemed to be relatively inaccessible and the desired structure did not 
show up. 


Slag Resistance 


The old A.S.T.M. tentative slag test was run on the brick whose 
compositions and properties are shown in columns 1, 2, and 6, Table 
VI and in Table VII. Acid and basic open hearth slag were used in 
the tests. These tests failed to differentiate between the several 
mixes in a satisfactory manner except where the porosities were very 
close. It showed however that all the bricks tested were more resistant 
to acid than to basic open hearth slag as would be expected. All bricks 
with a porosity of over 35% absorbed slag very readily. All the 
bricks tested with a porosity of less than 30% resisted slag well. Due 
to the unsatisfactory character of the test method no quantitative 
relations can be given. 

We are indebted to Mr. Powell of Stone and Webster for certain 
laboratory slag tests run in accordance with his Company’s impinge- 
ment test. The slag used was Illinois coal ash. The tests were carried 
out at 2900°F. The results are shown in Table X. 


{ 
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TABLE X 
Sample no. Composition per cent Per cent remaining Per cent porosity 
3 Pure cyanite-ball clay 74.8 32 


52 .5Al,0;-43 .5Si02 


4 Impure cyanite—ball clay 49.8 35 
42 .0Al,0;-52 .5SiO; 


C-2 Impure cyanite—kaolin 77 26 
49 .0AI1,0;-49 .0SiO, 


A-2 Pure cyanite-diaspore 72.0 32 
67 .0Al,0;-30 .0SiO2 


Samples No. 1 and No. 2 are from the same mix as brick, the properties 
of which are shown in column 1, Table VI and Table IX. 

Sample No. 3 was made from an 80% cyanite concentrate and 
bonded with a hard Georgia kaolin. Sample No. 4 was from a 95% 
cyanite concentrate bonded with finely-ground diaspore. 

Sample No. 2 showed up least well due largely to its higher porosity 
and low alumina content, and in part to the ball clay bond. 

The other three samples showed surprisingly little difference in their 
ability to stand up under the test in spite of the wide variation in 
alumina content. 

Mr. Powell reports that in cone fusion tests on slag-refractory mixes 
the best results were obtained on the sample approaching the mullite 
ratio (No. 4). 

Results on extensive service tests are incomplete but appear to favor 
diaspore-cyanite mixes where slag erosion is the major service require- 
ment and the clay-cyanite mixes for resistance to spalling, under the 
conditions of the tests. 


EQUILIBRIUM CONSIDERATIONS 
OF CYANITE-CLAY REFRACTORIES—II 


By W. J. McCauGHey' anp H. C. HARRISON 


It has been shown by Greig, as stated before, that cyanite when 
heated between 1300 and 1350°C dissociates very rapidly into mullite 
and free silica, the latter probably as the mineral cristobalite.* 


1 Chairman, Dept. of Mineralogy, Ohio State University. 

2 In the discussion following, the quantitative relations can be obtained diagrammati- 
cally with a millimeter scale using the lever reaction and while reasonably accurate are 
only approximately so. For the application of the lever reaction, see paper by Rankin 
and Wright (Ternary System CaO.Al,0;.SiO2) Amer. Jour. Sct., 39, 53 (1915), line 28 
et seq. 
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100 Ibs. cyanite =87.7 lbs. mullite+12.3 lbs. cristobalite 


The mullite formed in this reaction has the characteristic needle 
habit and the lengths of the crystals are perpendicular to the outside 
surface of the cyanite crystal fragment. The interstitial spaces between 
the mullite needles carry the cristobalite. 

Upon further heating, the cristobalite and a small part of mullite 
react at a temperature of 1545°C to form a melt of composition 94.5% 
SiOz and 5.5 AleOs. 


12.3 Ibs. cristobalite+1 Ib. mullite = 13.3 Ibs. melt 


leaving 86.7 pounds of mullite undissolved. Upon further heating 
according to the diagram published by Bowen and Greig this liquid 
would dissolve progressively more mullite with consequent enrichment 
in alumina. The amount of mullite dissolved and the composition of 
the resultant melt would depend upon the temperature to which the 
mixture has been heated. As the development of mullite proceeds the 
cyanite fragments develop a peculiar hour glass structure as shown by 
Greig and as mentioned before. 

The small amount of melt formed at 1545°C and its high viscosity 
does not favor the melt coming together to form larger masses and 
producing deformation. If impurities are present in the cyanite this 
melting phenomenon will take place at a lower temperature. 

The melt formed lies between the tiny needles of mullite and does not 
seem to come to the surface of the grain probably because of the high 
viscosity of the melt and because of the capillarity of the intercrystalline 
space. 

In order to convert the cyanite to 100% mullite composition it would 
be necessary to add alumina in the proportion of 32 pounds of alumina 
to 100 pounds of cyanite. The cheapest source of alumina would be 
diaspore clays, but on account of the silica content of diaspore clay it 
would be necessary to add more of it than if pure alumina were used. 

Microscopic examination shows that when diaspore clay is used to 
overcome the high silica content of cyanite to form mullite, only a 
part of alumina-silica melt reacts with the diaspore to form the mullite. 
The latter mineral forms around the periphery of the cyanite grain 
helping to form a matrix or bond for the calcined cyanite particles. 
The greater part of the high silica glass enclosed between the mullite 
crystals is not accessible for reaction with alumina probably due to the 
high viscosity of the glass. Finer crushing would render more of the 
glass available; the same effect would be produced by the addition of 
some substance to change the composition of the glass and conse- 
quently lower its melting temperature and viscosity. 
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For this purpose magnesium oxide was added to the cyanite-diaspore 
mixture. Microscopic examination shows that both fine grinding and 
addition of magnesium oxide does make available more of the high 
silica glass for reaction with the diaspore to form mullite. The inter- 
stitial spaces between altered cyanite particles show abundant, well 
developed and comparatively large crystals of mullite in nonparallel 
orientation. The -mullite seems to start from the edges of the altered 
cyanite particles and 
grows in all directions 
into the interstitial 
spaces. 

The equilibrium data 
in Fig. 2 and in the 
appended tables is from 
papers published by 
Geophysical Laboratory. 
Rankin and Merwin, 
Amer. Jour. Sci., 45, 
301 (1918). Bowen and 
Greig, Jour. Amer. 
Ceram. Soc., 7 [4], 238- go 
54, [5] 410 (1924). " 


35 


Fic. 2.—The Ternary System MgO-Al,0,-Si0. 


TERNARY INVARIANT POINTS 


Phases MgO Al:O: SiO: Temp. 
1. MS-S-M._A.S; 20.3 18.3 61.4 1345 
2. S-A;S:—-M:2A,S; 10.0 23.5 66.5 1425 
3. A3Se-MA-M,A2S; 16.1 34.8 49.1 1460 
4. MA-M,S-M.,A.S; 25.7 22.8 51.5 1370 
5. M:S—-MS—-M,2A.S; 25.0 21.0 54.0 1360 
6. M:S-M-MA 56.0 16.0 28.0 1700 
7. A-MA-A;S, 15.2 42.0 42.8 1575 


BINARY INVARIANT POINTS 


{ Periclase MgO 45 55 2030 
| Spinel MgO- Al,Os 
} Spinel 2 98 1925 
| Corundum 
.,/Corundum 55 45 1810 
| Mullite 
,| Mullite 
\ Cristobalite 5.3 94.5 1545 
. | Cristobalite 
36 64 1543 


Clino-enstatite 
\ Forsterite 37.5 62.5 1557 
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Phases MgO ALO: SiO: Temp. 
. | Forsterite 63 37 1850 
ComMPOUNDS 
f Periclase 100 2800 
| Corundum 100 2050 
Cristobalite 100 1710 
{Spinel 
|MgO- Al,O; 28.4 71.6 2135 
{ Forsterite 
|2MgO- SiO, 42.9 1890 
{ Clino-enstatite 
|MgO-SiO, 40 60 
{ Cordierite 
| 2MgO-2Al,0;.5SiO, 13.7 34.9 51.4 
{ Mullite 
| 3Al,03°2SiO; 71.8 28.2 
{Cyanite 62.8 37.2 


| Al,Os; *S,0. 


In the MgO-Al.,O;-SiO, diagram (see Fig. 2) it will be seen that 
mullite may be a part of the three sub systems. 


(a) Mullite—cordierite—cristobalite 
(b) Mullite-cordierite-spinel 
(c) Mullite-spinel-corundum 


All positive mixtures of mullite, cordierite, and cristobalite will 
have compositions (in MgO, AleO3 and SiO.) which lie within the 
triangle formed by drawing straight lines between the compositions of 
these three crystal phases. Conversely all compositions (of MgO, 
Al,O; and SiOz) that lie within this triangle will consist of the three 
crystal phases cristobalite, cordierite, and mullite when equilibrium is 
attained. This same reasoning follows for the other two composition 
triangles. 

Into which of these composition triangles the cyanite refractory falls 
will depend upon how much alumina and magnesia are added. 

If a small amount of MgO (equal to or less than 4.25) is added to 
cyanite, the composition of the resultant mixture will lie in the mullite, 
cordierite, cristobalite composition triangle. The only melt that can 
form and be in equilibrium with these three crystal phases is repre- 
sented by point 2 on the Rankin and Merwin diagram (Fig. 2). This 
melt has the composition MgO 10, Al.O; 23.5, and 66.5, and is 
liquid at 1425°C. 

If 2.5% of MgO is added to cyanite about 25% of the mixture melts 
at 1425°C, the composition of the melt is represented by point 2 and 
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the undissolved residue is mullite. Further heating of this mixture 
will bring about the solution of some of the undissolved mullite, and the 
composition of the bond will change, becoming richer in alumina and 
poorer in silica due to the solution of the mullite. 

If less than 2.5% MgO is added, a melt of composition 2 is formed as 
before, but the undissolved residue is now mullite and a small per- 
centage of cristobalite. Upon further heating, the composition of the 
melt changes from point 2 following along the line 2D’ until the free 
silica is entirely dissolved. The change in composition of the melt is 
due to a solution of the free silica (cristobalite) and the mullite in pro- 
portion of about 12.3 SiO, to 1 mullite. The bond (or melt) thereby 
becomes richer in silica and more refractory until the free silica dis- 
appears. As the magnesia content in cyanite mixtures is lowered the 
amount of melt 2 formed will be consequently reduced and the further 
melting will bring the composition of the melt farther up the line 2D’ 
until in the case where no MgO is added there will be no melt 2 formed 
at all but the composition of the melt will have moved to D’ composition, 
94.5% SiOz and 5.5% Al.O;. The amount of binary eutectic D’ formed 
from the pure cyanite refractory now becomes 13.3% and its melting 
point 1545°C, whereas when 2.5% MgO is used 25% of melt is formed 
which is of a less refractory nature (melting point 1425°C) and whose 
composition is represented by point 2. Intermediate additions of MgO 
from 2.5% to zero produce corresponding results both in amount and 
refractoriness of the bond. 

The addition of MgO to cyanite in amounts more than 2.5% and up 
to 4.25% will make the bonding substance (melt) change its composition 
along the line 2-3 becoming poorer in SiO, and slightly richer in magnesia 
without much change in melting temperature. The amount of the bond 
formed with 4.25% of MgO increases to 28%. 

In general, in that part of the MgO-Al.0;—SiO, system which forms 
the composition triangle, silica, mullite, and cordierite, the effect of 
additions of MgO to cyanite is to increase the amount of bonding melt, 
to lower its melting temperature, and to change the composition of the 
bond to a much lower SiO, content, thereby decreasing its viscosity. 
The addition of 2.5% of MgO to the cyanite increases the eutectic 
bond from 13.5% to 25%; the further addition of MgO to 4.25% 
increases the eutectic bond by a much smaller amount to only 28%. 

The addition of alumina to cyanite adds to the refractoriness of the 
mixture, forming thereby more mullite and decreasing the amount of 
the Al,O;-SiO, eutectic formed. The effect of the addition of alumina 
and magnesia simultaneously (without taking the composition out of 
the composition triangle, silica, cordierite, mullite) is to change the 
composition and viscosity of the bonding melt. The addition of mag- 
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nesia makes possible a bond of much lower SiO, content and therefore 
lower viscosity. The lower viscosity will permit a larger growth of 
mullite needles and consequent development of a gross structure in the 
fired body. The lower viscosity should also permit of decreasing the 
amount of bond required and permit increased formation of mullite 
by the addition of considerable alumina without making the material 
too refractory for manufacture. It is possible, therefore, to vary the 
character of the material by varying the amount of alumina and MgO 
additions. Of course, it is understood that these equilibrium conditions 
are only approximately approached in commercial bodies because of 
the lack of fine pulverization and the immaturity in firing. However, 
with their continued use in practice at high temperature, equilibrium 
conditions are more nearly attained. 

Whenever the composition of the mixture is brought close to mullite 
by the addition of Al,O; to cyanite the further addition of MgO throws 
the composition of the system into the composition triangle composed of 
mullite, cordierite, and spinel. In such cases the bonding melt which 
forms first and which can be in equilibrium with these minerals has the 
composition of point 3 in the MgO-Al,0;-SiO, diagram of Rankin and 
Merwin. In this composition triangle spinel is one of the end members 
instead of free silica. Spinel does not however contribute much to the 
formation of the melt. Approximately 100 pounds of cordierite react 
with 8 pounds of spinel and 100 pounds of melt are formed and 8 pounds 
of mullite crystallize out in the process of forming melt 3. Mullite 
therefore is not only not fluxed in this process but actually is formed by 
the reaction 

100 Ibs. of cordierite+8 Ibs. spinel =100 Ibs. melt ‘3’? + 8 Ibs. mullite 
Cordierite (2MgO 2A1.O 3 5SiO-2) is the mineral which contributes most 
to the formation of melt 3. As more melt is required the composition 
of the system should be moved closer to cordierite; if less melt is re- 
quired the composition of the system should be moved away from 
cordierite and toward the composition of mullite or toward the compo- 
sition of spinel according to whether a refractory is desired in which 
either mullite or spinel is the predominant mineral. All of the cordierite 
will melt at the temperature 1460° if there is enough spinel to react with it. 

If the temperature is raised still higher the composition of the silicate 
bond changes along the line 3-7 by solution of variable amounts of 
mullite and spinel. At 1575°C the melt has the composition of point 7 
and the undissolved residue is mullite and spinel. Further heat treat- 
ment at this temperature will bring about a reaction between undis- 
solved spinel and mullite crystals to form corundum and melt of 
composition 7 and without change in temperature according to the re- 
action as follows: 
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74 lbs. mullite +26 Ibs. spinel =48 Ibs. melt +52 Ibs. corundum 


If the composition of the original system lies to the right of a line 
drawn from point 7 to the Al,O; apex of the triangle the spinel will 
disappear first, and on further heating the composition of the melt 
will travel along the line 7-C’ with further crystallization of corundum 
and solution of mullite. 

If on the other hand the composition of the original system lies to 
the left of the line joining 7 and Al.O; apex of the triangle the mullite 
will disappear first, and upon further heating the composition of the 
melt will travel along line 7B with solution of both spinel and corundum 
in a ratio, varying according to the temperature. The amount of the 
melt formed depends on the temperature reached and the original 
composition of the system. The closer the composition lies to a line 
joining the composition of-mullite and spinel the less will be the amount 
of cordierite in the system and less the amount of melt present in the 
system at any particular temperature; consequently the more refractory 
the system will be. It is a simple matter to calculate graphically by the 
lever reaction the amount of melt, if the original composition of the 
system is known and the composition or temperature of the melt formed 
in the reaction is known. 

Sufficient alumina and MgO when added to cyanite will bring the 
mean composition of the mixture within the composition triangle 
composed of spinel, mullite, and corundum. The melt formed and in 
equilibrium with this system at 1575°C will have the composition of 
point 7 and will be formed by interaction of mullite and spinel, forming 
in the process of melting crystals of corundum as follows: 


74 Ibs. mullite+26 Ibs. spinel =48 Ibs. melt +52 Ibs. corundum 


As before, the corundum does not contribute anything to the formation 
of the melt but actually crystallizes out in the melting process. The 
closer the original composition lies to point 7 the more melt is formed 
at this temperature; the farther away from point 7, that is, the less 
mullite the less melt is formed at 1575°C and the more refractory the 
system. The latter case would be of course more applicable to high 
alumina refractories such as diaspore. 

If the original composition of the system lying within the composi- 
tion triangle corundum, spinel, mullite, lies to the right of line joining 7 
and the Al.O; apex of the triangle the spinel will be the first mineral 
to be completely dissolved in the melt, mullite, and corundum forming 
the undissolved residue. On further heating the mullite passes into 
solution with concurrent crystallization of corundum and the compo- 
sition of the resultant melt follows the line 7-C’. If the original compo- 
sition lies to the left of the 7—Al.O; line the mullite disappears at point 
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7 leaving an undissolved residue of corundum and spinel and on further 
heating the composition of the melt passes along line 7B, the spinel 
and the corundum both passing into solution into the melt in variable 
ratio depending upon the temperature. 

On heating, those compositions which lie within the cristobalite, 
mullite, and cordierite triangle the only phenomenon noted is a melting 
or a solution phenomenon and subsequent recrystallization on cooling. 
Except for the melting of the eutectic this is a slow and gradual process, 
the melt changing its composition with increase in temperature. 

In the cordierite, mullite, spinel system, and more especially in the 
mullite, corundum, spinel system there is (in addition to the melting 
and recrystallization phenomena on heating and cooling) an additional 
factor of importance, that is, the reaction of mixtures of mullite and 
spinel on heating at a temperature of 1575°C to form a liquid and the 
further crystallization of corundum. The structure developed at a 
lower temperature is destroyed by the interaction of the mullite and 
spinel to form a large amount of additional melt at a definite tempera- 
ture (as distinct from a range in temperature) and recrystallization of 
the matrix to form considerable quantities of corundum (nearly equal 
in amount to the amount of increase in the melt). On cooling the system 
through this temperature, 1575°C, a new line-up of crystals would take 
place again, caused in this case by resorption of corundum and recrystal- 
lization of spinel and mullite from the melt. This change in structure 
at this temperature would cause profound changes in the structure of 
the brick if placed in use over a range of temperature which would 
include 1575°C. To overcome this sudden change in state at 1575° 
it would be necessary to change the composition of the system so that 
it would contain a very small amount of either spinel or of mullite. 
That is, a corundum-mullite refractory should contain only a little 
spinel (magnesia) and a spinel corundum refractory should contain 
only a little mullite (silica) if it is to be used over a range in tempera- 
ture covering 1575°C. 

Future Work 

While the full effects of the above reasoning will not be attainable 
in the manufacture of a refractory due to certain practical limits as to 
grain size and temperature of firing, nevertheless, our thin section 
study has shown that a bond has developed along predictable lines and 
indications are that in service the equilibrium will be more nearly 
approached. 

A series of cyanite bearing refractories has been made up and are now 
in service with much higher alumina (diaspore) content than any here 
reported. Some of these refractories contain MgO up to 3%. A report 
will be made on these series of refractories in the near future. 
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THE EFFECT OF ATMOSPHERIC CONDITIONS ON THE 
LOAD TEST FOR REFRACTORIES' 


By LEONARD FRANCIS SHEERAR? 


ABSTRACT 


The literature relative to the investigation was reviewed and criticized. Iron pyrite 
was added to clays in amounts varying from 0 to 5%. Test pieces 2x 2x4} inches were 
fabricated by the stiff-mud, and dry-press processes. After firing to cone 8 these were 
subjected to load tests at 1350°C under oxidizing, neutral, and reducing conditions. 
Expansion and contraction values were plotted against time and temperature. Re- 
sults under reducing conditions. Expansion and contraction increased with increase 
of pyrite content. 


Introduction 


The load test as a means of judging the service of a refractory at 
elevated temperatures has been employed for several years. The Ameri- 
can Society for Testing Materials has adopted a standard test,’ which 
includes definite specifications regarding the type of furnace, method of 
heating and loading, size of test piece, and rate of heating. Nothing, 
however, is given regarding the condition of the atmosphere surround- 
ing the test piece. 

Fire clays contain up to 5% of iron-bearing minerals, whose most 
common and detrimental forms are limonite (2FesO0°3H,2QO), siderite 
(FeO:CO.), and pyrite (FeS:). Occasionally other compounds of 
iron are present. The injurious effect of these minerals is believed to be 
their reduction to the ferrous state with the resultant formation of 
ferrous silicates under reducing conditions. It would seem reasonable 
therefore that refractories will react differently under load, depending 
upon the kiln or furnace atmosphere, and an atmospheric clause should 
be inserted in the standard test. It was hoped that this investigation 
would throw some light upon these conditions. 

This investigation was undertaken to determine the 
effect of oxidizing, neutral, and reducing atmospheres 
on refractories under load at furnace temperatures. It 
was limited to the effect of atmosphere on the same clays with varying 
percentages of iron in the form of pyrite . In order to test the effect of 


Purpose of 
Investigation 


1 Published with approval of the Director, U. S. Bur. Mines. This was a joint 
investigation of the U. S. Bureau of Mines and the Ohio State Univ. Eng. Expt. Station. 
The data given have been presented through the Department of Ceramic Engineering 
to the Graduate School at Ohio State Univ., as a thesis as part requirement for Master’s 
Degree. Presented at the Annual Meeting, AMERICAN CreRAmic Society, Atlanta, 
Ga., Feb. 1926. (Refractories Division). Received January 12, 1926. 

2 Research Fellow at Columbus Station. 

3 Standard method of test for refractory materials under load at high temperatures 
\mer. Soc. Test. Mat. Standards, 1921, pp. 617-621. 
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the method of manufacture, the test pieces were made up by the soft- 
mud, stiff-mud, and dry-press processes. 


The Investigation 


Table I gives analyses of the clays used, a Scioto- 


ial 
Raw Materials ville flint and a semi-flint clay from Grahn, Kentucky 


TABLE I 
ANALYSES* OF CLAYS 
Constituent Flint ciay Semi-flint 
SiO, 44.10 43 .46 
Al,O; 39.30 37.45 
1.80 1.19 
TiO: 2.00 2.44 
CaO 0.25 0.27 
MgO 0.40 0.49 
Alkali 0.50 0.64 
Ignition loss 13.80 14.08 


*Analyses by D. J. Demorest. 


The pyrite added to the clay consisted of 50% passing 
through 20-mesh and retained on 35, and 50% through 
35-mesh and retained on 80. No pyrite was added for the 
low-iron series, but 2.5% by weight was added for the medium iron 
and 5.0% by weight for the high iron. 

The clays were put through a jaw crusher and rolls until they passed 
a 10-mesh screen. The dry-press specimens contained 75% flint and 
25% semi-flint clay. They were thoroughly mixed in a Cincinnatus 
mixer, 10% of water being added to each mix. They were molded under 
a pressure of 2200 pounds per square inch. 

The stiff-mud test piece contained 50% flint and 50% semi-flint clay. 
The water-clay mix was pugged and aged until it could be extruded 
through the steel die of a small brick machine, when it was wire-cut 
into briquets of the size stated below. 

The soft-mud contained 50% flint and 50% semi-flint clay. The 
mix was thoroughly pugged with the proper amount of water to pro- 
duce a soft mud. Specimens were then formed in wooden molds. 

The size of the test specimens was 2x2x4} inches. This particular 
size was chosen for the following reasons: (1) the temperature gradient 
in this size would be practically uniform through the cross-section; 
(2) the length would be enough to show any shearing stress developed ; 
(3) a smaller cross-section would cause distortion by bending; and (4) 
this size is most appropriate for the load apparatus used. 

Method of Firing The briquets were fired to cone 8 in a laboratory 
kiln in 48 hours under oxidizing conditions. 


Method of 
Preparation 
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Testing 


The tests were carried out in oxidizing, neutral, and reducing atmos- 
pheres in a furnace using a loading device similar to that described by 
Helser.'! The rate of heating was that recommended by the A. S. T. M. 
During the progress of each run the slump was recorded in thousandths 
of an inch on an Ames dial. Figures 1 and 2 show the test pieces after 
the load test. 


Fic. 1. 


The oxidizing atmosphere was obtained by passing air through the 
muffle. Analysis of the exit gases under this condition gave less than 
0.5% CO. A little CO was to be expected because of its formation in 
the carbon resistor and seepage through the muffle. 


Fic. 2. 


The neutral atmosphere was obtained by passing nitrogen gas through 
the muffle. The gas was passed through at a rate of 1 cubic foot per 
minute, and care was taken to keep the rate of gas flow constant in 
successive tests. 

The reducing atmosphere was obtained by passing through the 
muffle, air that had previously been passed over charcoal at between 
600 to 750°C. This gave a gas high in CO. The air was passed over the 
charcoal at a rate such that the atmosphere contained 10% CO, and 
by regulating the air flow and temperature of the charcoal it was pos- 


1 P. D. Helser, “A Laboratory Load Furnace,” Jour. Amer. Ceram. Soc., 8 [12], 822- 
25 (1925). 
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sible to get an atmosphere containing exactly 10% CO throughout a 
test. Orsat analysis' of the furnace atmosphere was made every 15 
minutes throughout the tests where a reducing atmosphere was main- 


tained. 

Figure 3 shows the load furnace 
and the tube furnace used for generat- 
ing CO, and Fig. 4 is a cross-section 
of the load furnace with test piece 


in place. 


Fie. 3. Fic. 4. 

The curves of Figs. 5 to 13 inclusive show the 
contraction and expansion of the test specimens in 
tenths of an inch, and Table II gives the conditions and results: 


Results of Tests 


| 
a w 
> | + + | + 
g 
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é 
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| | | 
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Time HOt TIME, HOURS 
Fic. 5. Fic. 6. 


1 A. C. Fieldner, and G. W. Jones, ‘‘The Bureau of Mines Orsat apparatus.”’” Bureau 
of Mines, Tech. Paper, 320, 1926 (in press). 
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TABLE II 
CONDITIONS AND RESULTs OF TESTS 
Temperature Total shrinkage 
Method Pyrite expansion 25 lbs. per sq. in., Distortion 
of manu- Atmosphere added, ceased and load at under load 
facture per cent shrinkage 1350°C at 1350°C 
began, °C per cent 

Soft-mud Oxidizing None 1100 3.0 None 

2.5 1050 4.88 

5.0 1000 6.0 Slight 

5.0 1000 6.55 None 

. Neutral None 1100 3.50 . 

5.0 1100 6.60 Slight 

. Reducing None 1120 3.33 None 

2.5 1050 3.88 

5.0 850 8.80 

5.0 900 7.70 
Stiff-mud Oxidizing None 1100 3.25 None 

2.5 1000 4.50 

2.5 1050 4.50 

5.0 900 4.75 

5.0 920 5.50 

. Neutral None 1100 2.50 None 

2.5 1050 3.50 

5.0 850 7.50 

Reducing None 1100 4.75 

5.0 700 8.0 

5.0 900 8.0 
Dry-press Oxidizing None 1100 None 

2.9 1000 $.3 Bloated 

- . 5.0 950 Failed by shearing at 1200° 

5.0 950 Failed by shearing 

7 Neutral None 1100 3.2 None 

si 2.9 900 Run notcom- Bloated 

pleted 

* 5.0 700 Failed by shearing 

. Reducing None 1100 None None 

2.3 1100 2.2 Slight bloat 

1025 Failed before end of test 

. 7 5.0 900 Failed by shearing at 1200° 

5.0 925 Greatly distorted and 


sheared at 1200° 
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Discussion of Results 


A number of physicalandchemical “ 

reactions take place when a refrac | | | | 

tory is heated under load, all of SAA57 Same 

which may affect the results. How- | 

ever, as most of these variables have | }|———— 

in this study been kept as near cons- eng ee — 

tant as feasible, we are concerned @ | i" 


only with the effect of different 
atmospheres on pyrite in clay. = 

The magnitude of the effect of 
the different atmospheres depends 
upon a number of factors, as: (1) 
concentration of various gases in the 
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atmosphere; (2) rate of penetration of ot 
of the gases into the brick; (3) Fic. 13. 


influence of time and temperature; 

and (4) pyrite content. This study has dealt with the effect of iron 
alone on the load-carrying qualities of refractory specimens, made by 
different processes and tested in different atmospheres. 

As the temperature rises an expansion takes place, which continues 
until a point is reached where a well-defined contraction occurs. In 
every case the expansion and contraction increased with increasing 
iron content, and in every case high values were obtained in a reducing 
atmosphere, intermediate values in a neutral atmosphere, and low 
values in an oxidizing atmosphere. 

The expansion in the different atmospheres did not vary greatly, 
but the contraction was accelerated in neutral and reducing atmos- 
pheres. Contraction began at lower temperature with increasing iron 
content. 

It will be noted that the effect of atmosphere was most pronounced in 
briquets high in iron, as would be expected. The effect of the amount 
of iron present was also most pronounced in the case of the dry-press 
test pieces, irrespective of the atmosphere. Whether this effect is 
inherent in this process of manufacture, or whether the test pieces were 
not representative of the best practice, can not be conciuded from these 
data. It would seem reasonable that an open ware would admit the 
reducing gases and so reduce the iron more readily than a dense ware. 
However, this does not explain the early failure of the dry-press ware 
high in iron under oxidizing conditions, and it would seem to indicate 
that no matter in what atmosphere, the principal cause of failure of the 
dry-press test pieces was the amount of iron present rather than the 
effect of the atmosphere. 
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Conclusions 


1. A reducing atmosphere causes earlier and greater contraction at 
high temperatures in a fireclay refractory with a given iron content. 

2. An increase in iron content causes an increase in expansion as the 
temperature is raised and a given atmosphere maintained. 

3. An increase in iron content causes a contraction at, lower tempera- 
tures in a given atmosphere. 

Any conclusion in regard to the effect of method of fabrication should 
be reserved until further work is done on dry-press! pieces made up 
under varying conditions of grain size, moisture content, and pressure. 
A stronger plastic clay might easily reduce or eliminate the difficulty. 

It would seem advisable to consider the service requirements de- 
manded before submitting a refractory to tests, because lower strength 
and greater contraction under load will be obtained in reducing atmos- 
pheres than in either oxidizing or neutral atmospheres. 

This study was limited to the pyro-chemical effect of pyrite on re- 
fractory specimens when tested in the three atmospheres under load 
conditions. Before definite conclusions could be drawn, a study of this 
sort should cover the effect of such other variables, as: (a) different 
bond clays; (0) original firing temperature; (c) effect of different forms 
of iron; and (d) more concentrated atmospheres. Because no analysis 
of observations was made on the chemical and physical changes in 
state of the pyrite and clay, theorizing does not seem justifiable as to 
the causes of the effects observed and here recorded. 

The writer wishes to thank G. A. Bole, Superintendent of the Ceramic 
Experiment Station of the U. S. Bureau of Mines, and A. S. Watts, 
Professor of Ceramic Engineering in Ohio State University, under 
whose joint direction the tests were carried out. Acknowledgment is 
due to P. D. Helser for many suggestions, and to C. E. Bales of the 
Louisville Fire Brick Works for the clays used. 


Review of Previous Investigations 


This review of previous work has been subdivided under (1) Tests and Testing Ap- 
paratus, and (2) Effect of Gases on Fire Brick. 


Tests and Testing Apparatus 
1. Action of Refractories under Load at High Temperatures. LEMON PARKER. Trans. 
Amer. Ceram. Soc.,7, 185 (1905).—-The first load test was made by Lemon Parker in 1905. 
While investigating gas-works fireclay tile said to have failed from undue shrinkage, he 
reasoned that failure was not due to excessive heat but to the load of the piers above. 
The results showed variation under load due to differences in composition and operation. 


1J. H. Kruson, and C. A. Smith, ‘‘The Manufacture and Physical Properties of 
Dry-press Brick,’’ Jour. Amer. Ceram. Soc., 8 [12], 829-32 (1925). 
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The work was of primary importance in that it proved the value of a requirement 
in refractories not before considered. - 


2. Tests on Fire Brick. M. Gary. Mitteilungen aus dem kgl. Materialprifungsamt, 
28, 23-40 (1910). Abst. in Jour. Iron and Steel Inst., 82, 412 (1910).—Gary tested 55 
kinds of fire brick. They were subjected to pressure of 7.5 to 10 kg. per sq. cm. He con- 
cluded that strength, compactness, and retention of shape depend mainly upon solidity 
of the grog, and that crushing strength is not proportional to specific gravity. 


3. The Testing of Fireclay Refractories with Special Reference to Their Load- 
Carrying Capacity at Furnace Temperatures. A. V. BLEININGER AND G. H. Brown. 
U. S. Bur. Stand., Tech. Paper, 7, 78 pp. (1911).—Tests were made with 50-lb. load 
at 1350°C. As the temperature rises the load carried must be decreased within the 
range of softening temperature. This temperature is lower the higher the fluxes, but 
seldom lower than 1150°C. With 75-lb. load and temperature of 1300°C the results 
were approximately the same, except that with a 50-lb. load at 1350°C the brick were 
more sensitive. 


4. Effect of Loads on the Refractories of Fire Clays. J. W. MeELLor AnD B. F. Moore. 
Trans. Ceram. Soc. (Eng.), 15, 117 (1915).—These investigators assumed that a fire 
clay undergoes three different effects caused by pressure: (a) diminished apparent 
viscosity; (b) accelerated reactions; and (c) by change in melting point in accord with 
Clapeyron’s rule. From their results obtained they concluded: (a) That the greater the 
load the lower the squatting temperature. (>) The decrease in the squatting temperature 
with unit increase of load is directly proportional to the squatting temperature and equal 
to k times the squatting temperature (k being a numerical constant). (c) The relation 
between squatting temperature T and load W in lb. per sq. in. is given by the expression 
T=Ce*”, where C=def. temperature (Seger cone) under no load, and e= exponential 
constant. (d) The more siliceous the clay the less difference between squatting tem- 
perature with and without load. 


5. Modified Load Test for Fire Brick. J. B. Shaw. Trans. Amer. Ceram. Soc., 19, 
498 (1917).—Shaw developed a furnace which he claimed was superior to the others in 
that the load decreased as the brick was crushed, thus allowing the brick to adjust itself 
to service conditions. The brick to be tested was placed in the furnace and fixed in 
position by compressing a spring until the desired pressure was obtained. Any contrac- 
tion or expansion was recorded on coérdinate paper. 

6. Effect of Load on the Refractoriness of Fire Bricks. J. W. MELLoR anp W. 
Emery. Trans. Ceram. Soc. (Eng.), 17, 360 (1918).—Tests were made on several types of 
refractories with much refined test conditions. The following conclusions were drawn: 
That fire bricks under load seemed to break down in one of two ways: (a) Fusion collapse 
whereby the bricks gradually give way as the temperature rises until the piece collapses. 
This behavior is typical of aluminous and zirconium bricks. (b) Mechanical failure, 
where the bricks show no evidence of gradual collapse but an abrupt collapse takes 
place. This is typical of silica, chrome, and magnesite bricks. Although the effects pro- 
duced are exceedingly complex it would seem that inability to carry load, as is the case 
with so many of the other physical properties of fire clays, the composition of the material 
plays only a minor réle; texture and porosity are the considerations of importance. It 
is probable that the matrix—that is, the more fusible constituent of the brick—deter- 
mines the refractoriness under load, and as the mass gives way the whole collapses with- 
out being fortified by the grog. 

7. A Machine for Testing the Hot Crushing Strength of Fire Brick. H. G. Scuurecur. 
Jour. Amer. Ceram. Soc., 2, 602 (1919).—Schurecht developed a furnace and apparatus 
for which superiority in exactness was claimed. 
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8. A Possible Explanation of the Failure under Load at High Temperatures as Dis- 
played by Fireclay Refractories. A.S. Warts. Jour. Amer. Ceram. Soc., 3, 448 (1920). 
—In 1920, Watts advanced the theory that the failure of fire bricks under load was per- 
haps not due entirely to the effect of fluxes, inferior bond clay, etc., but that it may be 
due in part to a physical weakness caused by the decomposition of the kaolin and re- 
combination of Al,O; and SiO, as sillimanite. Sillimanite developed in the original firing 
of the brick causes no weakness under load, but the sillimanite developed during the 


load test caused weakness. 

9. Determination of the Compressive Strength of Fire Bricks at High Temperatures. 
E. SrEuRIN, F. CARLSSON, AND B. KJELLGREN. Ber. Deut. Keram., 3, 53 (1921).—Re- 
fractoriness under load was defined as the temperature at which a test cube con- 
tracted 0.3% after heating for 2 hours under a pressure of 2 kg. per sq. cm. (28 lbs. per 
sq. in.). Cubes containing varying amounts of silica, alumina, iron oxide, lime, and 
magnesia, were examined. On increasing the silica, the minimum refractoriness occurred 
without load with 90% silica. On increasing the alumina, the refractoriness under load 
increased steadily up to 80% of alumina, when the test pieces failed suddenly, probably 
because there was not sufficient bonding clay present. An increase of 6.4% in the Fe2,0; 
(original content 0.89°%) reduced the refractoriness under load 50°C. With further in- 
crease of Fe,O;, the refractoriness diminished more slowly and remained almost con- 
stant between 6 and 12% of Fe.2QOs, after which a further increase caused a rapid loss of 
refractoriness. On increasing the CaO content it showed a steady and rapid loss of 
refractoriness under load, an increase of 0.11% of CaO (original content 0.68%) re- 
duced the refractoriness by 25°. The effect is less noticeable with coarse grog. MgO be- 
haves similarly to CaO but the effect of very small percentages of MgO is greater. 


10. Resistant Tests on Refractory Products under Load Conditions. V. Bonin. 
Trans. Ceram. Soc. (Eng.), 21, 56 (1921).—The following conclusions were drawn: (a) 
The majority of refractories show a tendency to decreased resistance to load on heating, 
the minimum being about 600°C. (6) On further heating the same products exhibit 
rapidly increasing resistance with a maximum of about 1000°C. For certain clays this 
maximum may reach four times the minimum. (c) On further heating, a decline in re- 
sistance tending toward zero at about 1600°C is observed for all refractory products. 
(d) All refractory products tend to become plastic at about 1200°C. 


Effect of Gases on Fire Brick 


1. Effect of Gases on Fire Brick. Frank Firmstone. Trans. Amer. Inst. Min. 
Eng., 34, 427-31 (1904).—Firmstone discusses the effect of the action of carbonic oxide 
on iron in the fire brick of a furnace wall. Analysis of undecomposed portions of the lining 
gave the following: 


Constituent Glazed skin Body of brick Constituent Glazed skin Body of brick 
per cent per cent per cent per cent 
SiO, 40 .23 57.63 MgO 4.31 Q.11 
Al,O; $2.22 31.64 K,O 9.39 2.59 
Fe.,0; 14.93 3.93 Na2O 8.43 0.51 
CaO 10.92 0.24 MetallicFe .... 


The body of the brick was much stronger than new brick. No carbon deposits were 
visible and no carbon was found in the analysis. The iron oxide increased about 50% 
in the altered brick. 


2. After Contraction and After Expansion of Fire Brick in Oxidizing and Reducing 
Conditions. J. W. MeLior. Trans. Ceram. Soc. (Eng.), 16, 268 (1916).— Mellor investi- 
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gated the magnitude of expansion and contraction of refractories in oxidizing and reduc- 
ing conditions and noted the following effects: 


Type of brick Percentage after expansion or contraction 
Oxidizing atmosphere Reducing atmosphere 


Silica brick, 


fine-grained 0.44 C 0.77 C 
Silica brick, 

high in iron 0.58 E 0.48 E 
Fire brick 0.21 E Nil 
Fire brick Nil 0.33 E 
Fire brick 1.12°C 


C, contraction; E, expansion, cone 14. 


According to Mellor these results indicate that silica brick give less expansion in a reduc- 
ing atmosphere and fireclay brick have a greater contraction in a reducing atmosphere. 
These results are in agreement with the greater fluxing effect of iron in a reducing atmos- 
phere. The magnitude of the fluxing effect of the reducing atmosphere depends upon 
(a) strength of reducing atmosphere; (b) rate of penetration of gases into interior of 
brick; (c) time and temperature. 


3. The Influence of Oxidizing and Reducing Atmospheres on Refractory Materials. 
L. BRADSHAW AND W. Emery. Trans. Ceram. Soc. (Eng.), 21, 115 (1921).—Bradshaw 
and Emery noticed that Seger cones heated in an atmosphere of coal gas remained 
erect at temperatures far in excess of their ordinary softening temperatures. The 
cones were found to have a hard shell with a quantity of slag discharged at the base 
of a semi-vitrified mass covered with an infusible skin. In his investigation of Seger 
cones under various conditions, Rieke found that the melting points were affected by 
the rate and duration of heating as well as by the kind of atmosphere. Pieces of fireclay 
brick were heated in an atmosphere of coal gas and carbon deposition on the test pieces. 
Ferruginous material gave a reaction with the slag, bursting the cone. 


4. The Disintegration of Refractory Brick by Carbon Monoxide. B. M. O’Harra 
AND W. J. Darsy. Jour. Amer. Ceram. Soc., 6, 904-14 (1923).—Brick which showed 
disintegration in use were subjected to temperatures of 450 to 500°C and the brick which 
withstood CO were not affected at 1300°C. On examining the bricks, numerous iron 
spots, filled with sooty carbon, were noticed. Rupture was due to volume changes 
caused by the deposition of carbon. It would seem that an iron-free brick would be satis- 
factory in use, and to demonstrate this a series of tests was run on different refractories 
under atmospheres high in CO. The CO was generated by warming concentrated 
H SO, with formic acid and purified by absorbing CO. and O2. Samples of the material 
were placed in Pyrex combination tubes and heated in a nichrome resistance furnace. 
The rate of passage of CO was from 0.1 to 1.0 liter per hour. Tests were made on four 
samples of fireclay brick, and the following results were obtained: (a) A fireclay brick 
subjected to CO for 29 hours at a temperature of 550° showed deposits of carbon and 
swelling and cracking around the deposits. (6) A second test run for 51 hours at 750°C 
showed less cracking, which shows that the effect of CO becomes less as the tempera- 
ture rises. Its strongest action is at about 550°C. (c) Magnesite brick under similar con- 
ditions disintegrate the same as fireclay brick. Silica, chrome, and carborundum brick 
are not affected. 
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AN INVESTIGATION OF CHECKER BRICK FOR CARBURETERS' 


By C. W. PARMELEE AND A. E. R. WESTMAN? 


ABSTRACT 


A progress report of an investigation of checker brick for carbureters which is being 
conducted by the Department of Ceramic Engineering of the University of Illinois in 
coéperation with the gas companies of northern Illinois has been presented. The methods 
used in carrying out commercial and laboratory tests and the data so far obtained have 
been submitted for discussion and criticism. When the investigation has been completed 
a final report will be made. 


I. Introduction 


At the request of certain public ufilities companies 
in the northern part of the state of Illinois, the 
Department of Ceramic Engineering at the Univer- 
sity of Illinois undertook an investigation of the different types of 
checker brick that were on the market in order to find which types 
of checker brick gave the longest service in carbureters and to develop 
simple laboratory tests which could be used for predicting the probable 
life of a checker brick when used in a carbureter. In this investigation 
the utilities companies have coéperated with this laboratory to the 
fullest extent. 


1. Object of the 
Investigation 


In the manufacture of carburetted water gas, 
a machine which consists essentially of a gener- 
ator, a carbureter and a superheater is used. 
The carbureter contains a checker work of 
fire brick which is heated to a high temperature during the “blow” 
by secondary combustion of lean producer gas, which is produced from 
coal or coke in the generator. When the checker work has reached a 
sufficiently high temperature (1600°F to 2000°F in top courses), a 
“run” is made, during which steam is blown through the incandescent 
bed of fuel in the generator and the resulting “‘blue gas” is passed 
through the hot carbureter into which gas oil is sprayed. The heat of 
the checker work vaporizes the oil and “cracks’’ it into more volatile 
hydrocarbons which mix with the blue gas in the carbureter and 
superheater producing carbureted water gas, which has a higher 
B.t.u. value than the blue gas. During the run the carbureter cools to 
about 1200°F. 

The checker brick are thus subjected to alternate heating and 
cooling, to alternate oxidation and reduction, to the disruptive action 
of the oil and steam and to the slagging action of the fuel ash. 


2. Description of the 
Operation of a 
Carbureter 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Atlanta, Ga., 
Feb., 1926. (Refractories Division). Received Dec. 17, 1925. 
2 And their assistants W. H. Pfeiffer and A. J. Paul. 
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The amount of carbureted water gas 
manufactured in the middle west has 
increased to such an extent in recent 
years that it is no longer possible to secure light distillate gas oils in 
sufficient quantities and recourse has been had to heavier and more 
impure grades of oil. This, in turn, has necessitated an increase in the 
operating temperatures of the carbureters and has caused an increase 
in the amount of coke and other impurities deposited on the checker work 
in the carbureters. Under these conditions, the checker work is rapidly 
choked up by the disruption of the upper courses of checker brick and 
by the deposition of coke and impurities from the oil, with the result 
that the time between shut-downs from this cause has decreased from 
about 4000 to about 500 operating hours. This effect is particularly 
pronounced in some of the carbureters in Chicago where as much as 
8 or 10 inches of an asphalt-like material is deposited on the checker 


brick. 


3. Recent Decrease in the - 
Life of a Checker Brick 


II. Commercial Tests 
Procedure 


As the first step in this investigation, a series 
of commercial tests of different brands of checker 
brick was initiated in the spring of 1925 at the 
gas plant of the Illinois Power and Light Company at Champaign and 
at the Crawford Avenue plant of the People’s Gas, Light and Coke 
Company of Chicago. Some of these tests have been completed, others 
are in operation at the present time and a second series is planned. 
In choosing the brands of brick to be tested, 
an effort is made to include only those brands 
which differ to a considerable extent in structure 
and composition. Some fifteen brands of checker brick have been 
tested or are under test at the present time. Table I gives a summary 
of the data, which has been secured from the manufacturers, pertaining 
to the method of manufacture and the nature of the raw materials, 
etc., of these fifteen brands. 

Certain measurements are made on the 
bricks to be tested as they are received from 
the manufacturer. These measurements are 
used later (see Sect. III) in calculating the deterioration the bricks 
undergo during the test. Thus, the average modulus of rupture for 
each brand of brick is determined by the American Society of Testing 
Materials method for building brick (C21-20). The bricks to be placed 
in a carbureter are numbered with a refractory slip, a detailed descrip- 
tion of each brick is noted and four measurements of its length (to 35 
inch) are made. 


4. Initiation of 
Commercial Tests 


5. Types of Checker 
Brick Investigated 


6. Measurements Made 
before Test 
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TABLE I 


DATA SUBMITTED BY MANUFACTURERS 


Brand Location of plant Raw materials Method of Firing temp. 
manufacture in cones 
B Missouri 2nd grade semi- Dry press 
flint and plastic 
C Missouri Same as B Stiff mud repress 
D Pennsylvania Dry press 
E Illinois Plastic clay Stiff mud repress 9-11 
F Pennsylvania Flint and plastic Soft mud repress 
clays 
G Missouri Grog, flint, and Stiff mud repress 8 
plastic 
H Missouri Semi-flint Stiff mud repress 10-12 
I Kentucky Ky. flint and Hand mold,hand 
semi-flint press 
J Kentucky Same as I Stiff mud repress i1 
K New Jersey Hand mold, hand 
press 12 
L Missouri Cheltenham Dry press 8-10 
plastic 


When a carbureter is being recheckered, about 
fifty numbered bricks of each of three brands are 
assembled near the carbureter and used in setting two or more courses 
(the 1st and 2nd in Champaign, the 4th and 5th in Chicago); the 
brands are distributed in such a way that all will receive equal treat- 
ment and a chart showing the position, number and brand of each brick 
is made. 

While the carbureter is in use (a period of 3 to 4 weeks), the gas 
company keeps a continuous record of the temperatures, duration of 
shutdowns, fuel consumption, output of gas, quality of oil and other 
operating data which might bear some relation to the behavior of the 
brick. 

The next time the carbureter is shut down for recheckering, a descrip- 
tion of the inside of the carbureter is recorded, the test bricks are 
identified by means of the chart (see above) and are renumbered as 
they are removed. The badly shattered bricks are placed in bags and the 
bags numbered. Samples are secured of any slag or asphalt-like material 
that may have been deposited in the carbureter. 

The length of the bricks which have been 
under test and which have not been badly 
cracked is measured, as before, to 33 inch. A 
description of each brick that has been under test is recorded, the bricks 


7. Test Procedure 


8. Measurements Made 
after Test 
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are graded, using the photographs shown in Fig. 1 to define “‘good,’’ 
“fair,” and “poor” and “bad” condition, and the number in each 
grade noted 

When this has 
been done, the 
bricks are laid out | 
on the floor so that 
they occupy the | 
same relative posi- | 
tions that they did 
in the carbureter 
and a photograph 
such as that shown 
in Fig. 2 is taken. 
Photographs illus- 
trating the ‘“‘aver- 
and ‘“‘typical 
failure’? conditions 
of each brand are 
also taken. (See 
Fig. 3.) 

The modulus of 
rupture of each of 
the unbroken bricks 
of each brand is 
then measured and 
and average modu- 
lus of rupture for 
each brand ob- 
tained by dividing 
the sum of the mo- 
duli of rupture of 
the unbroken bricks 
by the total num- 
ber of that brand in 
the test. This is 
equivalent to as- 
signing zero 
strength to the bro- 
ken bricks. The Fic. 2. 
bricks are then stored pending microscopic examination and further 
tests. 
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III. Commercial Tests (Calculations) 


Since it is impossible to secure exactly the 
same condition in every test, due to unavoid. 
able shut-downs, changes in quality of oil and fuel, etc., one brand of 

brick has been used in all the 
; Champaign tests and the results of a test 
are calculated by comparing 
the behavior of the other 
brands in the test with the 
behavior of this check brand. 
10. Equivalent From _ the 


9. Use of a Check Brand 


| Per Cent measure- 
| Decrease in ments of 
Tt! Strength modulus ol 
: rupture made before and 

verage after each test the per cent 


decrease in strength of each 


OIG 
Tes? No. Champ brand is calculated. In the 


tests in Champaign the check 
brand suffers about 90% 
decrease in strength, the 
values for the first six tests 
being 91.6, 90.3, 88.1, 96.8, 
93.4, and 93.5. To allow for 
the variation in the severity 
Typical FBP bape. ie of the tests shown by these 
ids figures, the per cent decrease 

in strength of each brand is 
calculated toa basis of a90%% 
decrease in strength of the check brand. Thus the per cent decrease 
in strength of the brands in Test J would be multiplied by 90/91.6, etc. 
The number so obtained is called the “equivalent per cent decrease 
in strength” and serves as a measure of the amount of cracking in the 
bricks. As the modulus of rupture of a brick which is cracked through 
one-half its width is just one-quarter of that of a whole brick, the use of 
this number in this way tends to exaggerate the differences between 


Fic. 3. 


brands. 

The appearance of the bricks that have 
been under test shows that the fuel ash 
from the generator, the coke breeze, and the asphalt-like deposits from 
the oil attack certain brands of brick much more than others. While 
the fraction of a brick which is lost by actual solution is not appreciable, 


11. Slagging and Erosion 


| 
| 
| 
| 
3} 
> 


CHECKER BRICK FOR CARBURETERS 295 


yet the bloating, softening, and vitrification due to slag penetration 
often cause parts of the brick to shell off and produce surfaces favor- 
able to the development of thick layers of asphalt-like material (see 
Par. 3). It was therefore deemed advisable to classify the bricks on 
the basis of their appearance after a test and to take this into con- 
sideration when deciding on the relative merits of the different types 
of brick when used in a carbureter. In classifying the brands of brick 
the following grades were used: 


Grade A—the bricks are not noticeably penetrated by the slag 

Grade B—the bricks show definite slag penetration but no important attendant effects 
(bloating, etc.) 

Grade C—small fragments of the bricks have been lost due to slag penetration and 
subsequent erosion by coke breeze (B, Fig. 3) 

Grade D—the bricks show penetration with noticeable attendant scaling and bloating 

Grade E—the bricks show penetration with pronounced scaling and bloating 


In assigning grades to the different brands, allowances were made for 
differences in the severity of the test conditions as shown by the ap- 
pearance of the check brand. 

The expansion and contraction of the bricks dur- 
ing a test was calculated from the measurements of 
length that were made before and after the test. 
The measurements are not of high accuracy but are sufficiently accur- 
ate to indicate any pronounced expansion or contraction. The per cent 
expansions of the check brand in the first six tests at Champaign were 
0.43, 0.29, 0.15, 0.23, 0.36, 0.42, which are all of the same order of magni- 
tude. The equivalent expansions and contractions of the other brands 
were calculated on a basis of 0.30% expansion of the check brand. 

The data collected in these tests can also be 
used for calculating the effect of such defects 
as kiln marks on the probable life of a checker brick and the relation 
between the color of cross-section and the strength of a used brick. 
Microscopic and petrographic examination of the used brick should also 


12. Expansion and 
Contraction 


13. Other Calculations 


yield interesting information. 


IV. Laboratory Tests 


As a second step in the investigation, laboratory 
tests of checker brick have been undertaken with 
the object of finding what laboratory tests are of 
use for predicting the probable life of a checker brick in a carbureter 
and to point the way for the development of better checker brick. 
So far this work has been restricted to tests that could be made quickly. 


14. Object of 
Laboratory Tests 
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The absorption of the new bricks was determined by 
the American Society of Testing Materials method for 
building brick (C21-20). 


15. Absorption 


The compressive strength of the new bricks 
was measured by the American Society of 
Testing Materials method (C21-20). 
17. Permeability The permeability of each brand of brick, in terms of 
the volume of air (in cc) that will pass through the 
23 inch thickness of the brick under one centimeter of water pressure, 
has been measured by means of a permeameter, designed for this 
purpose, which will be described in a forthcoming Bulletin of the Univer- 
sity of Illinois Engineering Experiment Station. 
As in ordinary gas plant practice checker brick are sub- 
jected to a lot of rough handling; a number which 
roughly indicates a brick’s ability to withstand rough handling is of 
significance. We obtain such a number by dividing the modulus of 
rupture of a brick by its weight, giving what we have called its “‘stout- 
ness.”” That the values so assigned to the different brands have signifi- 
cance has been shown by our own experiences in handling the bricks. 
Bricks whose stoutness is less than 100 require care in handling. 
Further laboratory tests including slag 
and spalling tests are planned. 


TABLE II 
DaTA SECURED FROM TESTS 


16. Compressive Strength 


18. Stoutness 


19. Other Laboratory Tests 


Laboratory tests Tests 1-5 Champaign 

B 329 1200 47 13.7 59 0 

c aR 1804 5000 234 0.64 6.4 91 A 0 

D > | 576 2330 81 6.3 10.2 84 D 0 

E ) Pe 1245 3530 165 0.69 oe 90 A +0.3 

F 7.0 433 1620 62 4.4 a1 .7 77 E —0.6 

G 7.4 957 3470 129 ee i 7.8 77 B —0.14 
H ee 1316 3740 180 1.4 4.5 80 A 0 

I 7.0 727 2100 104 3.0 10.1 79 B —0.34 
¥ 1.6 1478 4980 194 0.49 7.4 87 A +0.18 
K 6.6 843 2710 128 0.38 18.0 92 B +1.3 

i 6.9 426 2030 62 2.4 11.4 68 B +0.5 


V. Preliminary Data from Tests 


Table II gives a summary of the data which 
have been secured from the first five commercial 
tests in Champaign and from laboratory tests of the eleven brands 
included in these tests. The data pertaining to these brands which was 


20. Summary of Data 
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furnished by the manufacturer is given in Table I (Par. 5). This data 
is presented at this time to help in promoting discussion and criticism 
of the methods of conducting these tests which have been described 
above. Until more tests have been completed and the data from Chicago 
is compared with that from Champaign, it is not advisable to draw any 
conclusions. 

VI. Summary 


A progress report of an investigation of checker brick for carbureters 
which is being conducted by the Department of Ceramic Engineering of 
the University of Illinois in coéperation with the gas companies of north- 
ern Illinois has been presented. The methods used in carrying out 
commercial and laboratory tests and the data so far obtained have been 
submitted for discussion and criticism. When the investigation has 
been completed a final report will be made. 
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THE DETERMINATION OF THE BULK AND PORE VOLUMES 
OF REFRACTORY MATERIALS! 


By M. L. Hartmann’, O. B. WESTMONT’ AND S. F. MORGAN® 
ABSTRACT 


A new sand displacement method for the determination of the bulk volume and bulk 
specific gravity of refractory or other material is described. 

A gas porosimeter with a vertical U-tube manometer for the determination of pore 
volumes of materials is also described together with calculations of the possible errors. 

The porosities, bulk specific gravities, and calculated true specific gravities of 15 
types of refractory bricks obtained by means of these two methods, and the usual water 
absorption method are tabulated for comparison. 


The resistance of the refractory structures to slag penetration, to 
spalling, to heat conduction, etc., is not only related to the composition 
but also to a great extent to the porosity of the materials used. The 
relationship of these factors to the pore space in refractories has been 
emphasized by many recent investigators. An accurate and convenient 
method for determining the percentage of pores in these materials is 
therefore of considerable interest. 

The usual method for determining the pore space in refractory and 
other ceramic materials is that of liquid absorption. It was, however, 
found by Washburn and Bunting‘ that this method was not reliable 
in that the complete filling of all the pores of many bodies was not 
possible in a reasonable length of time. In their work the gas expansion 
method was developed and later modified by Bole and Jackson.’ The 
principle of this method is to allow the gas which occupies the pores 
of the specimen to expand into an evacuated chamber of known volume 
and to measure the resulting change in pressure. 

In the apparatus described by Bole and Jackson, an inclined gage 
with a large mercury reservoir was used for measuring this change in 
pressure. A similar inclined gage (ratio 7 to 1), using both a 2 mm. and 
a 4 mm. inside diameter tube, was constructed for our tests and found 
to be impracticable. In order to obtain constant pressure readings 
with the sluggish mercury column, the tube required excessive tapping 
to bring it to true equilibrium. 

The apparatus described by Pressler® for standard brick was the 
same general type as that of Bole and Jackson, except that a vertical 
tube was used. Both of these methods require a large amount of mercury 


' Presented at the Annual Meeting, AMERICAN CERAMIC Society, Atlanta, Ga., 
Feb., 1926. Received December 8, 1925. (Refractories Division). 

? Director, Research Laboratory, The Carborundum Company, Niagara Falls, N.Y. 

* Research Chemist, The Carborundum Company, Niagara Falls, N. Y. 

* E. W. Washburn and E. N. Bunting, Jour. Amer. Ceram. Soc., 5, 112 (1922). 

’ G. A. Bole and F. G. Jackson, Brick and Clay Rec., 61 [5], 314 (1922). 

6° E. E. Pressler, Jour. Amer. Ceram. Soc., 7, 154 (1924). 
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which must be maintained at a certain level in order to prevent errors 
in the calculations of all pressures. This mercury must also be cleaned 
frequently. 

In our final work an open end vertical manometer similar to the one 
shown by Washburn and Bunting (general method) was used. With this 
type of manometer (6 mm. bore) no reservoir of mercury is required 
and only very slight tapping is necessary to obtain a constant pressure 
reading. 

In all the previous work on the determination of the porosity of 
ceramic bodies, the bulk volume was determined either by direct 
measurement or by liquid displacement after the surface pores had been 
sealed. By direct measurement only bodies having very regular shapes 
can be selected for test, and by liquid displacement considerable trouble 
is encountered in thoroughly coating the surfaces without changing 
the true bulk volume. The precision with which the porosity of a 
specimen can be determined is limited by the accuracy of the bulk 
volume measurement. 

In making our porosity tests the bulk volumes are all measured by 
sand displacement. By this method the difference in volume of sand 
displaced by the specimen and a metallic standard of approximately 
the same size and shape is determined and the bulk volume of the 
specimen calculated. 

The bulk and pore volume determinations will be described sepa- 
rately. 


I. Bulk Volume 


For the measurement of the bulk volume the appara- 
tus shown in Fig. 1 is used. This apparatus consists 
of a rigid hopper fitted with 
a quick opening slide at the 
bottom for delivering the sand 
to the wooden box contain- 
ing the test specimen. The 
hopper is supported over a 
funnel-shaped tray, which 
directs the overflow of grain 
into a receiver. 

The sand used is especially 
graded zircon grain (through 
124- on 148-mesh). The 
metallic standards corre- 
sponding approximately ‘to 
the sizes of the specimens 


A. Apparatus 


a 
| 
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tested are accurately machined steel blocks. The wooden containers 
are shellaced oak boxes with mortised joints. 

> Meaitinte In determining the bulk volume of a specimen a thin 
layer of sand, about } inch deep, is poured into the 
wooden container. The metallic standard is placed centrally in the box, 
which is then set directly under the hopper orifice. The slide is pulled 
quickly, allowing the sand to fill the box and overflow. The excess is i 
carefully scraped from the top of the box with a straight edge. 

The weight of the annular sand is recorded and the operation repeated 
using the sample instead of the standard. The difference in the two 
weights thus obtained divided by the bulk specific gravity of the sand 
is equal to the difference in volumes of the standard and specimen. 
C. Calculations The weight of the sand around the standard 
divided by the calculated annular volume is equal 
to the bulk specific gravity of the sand. The annular volume is the 
difference between the volume of the box and the standard. The bulk 
volume of the specimen is calculated by the formula: 

W 


V.=V,+ 


D 

where V;=bulk volume of specimen 
V, =volume of standard 
W =difference in weight of annular sand around standard and specimen 
D =determined bulk specific gravity of zircon sand 


, , Zircon sand was selected in preference to other 

of Methods granular materials since it consists of hard, rounded, 
and very uniform particles. It also has a high specific 

gravity so it flows freely and readily fills all the cavities in irregular 

specimens. The sand does not break down appreciably even after a 

long series of tests. 

In using this sand method the most accurate data is obtained when 
the standard and the specimen are identical in size and shape. The 
packing of the sand is then the same in both cases. In determining the 
bulk volume of refractory brick the standard is 9x4}x2} inches so 
that the difference in its volume and that of the specimen is very small. 
The box used is 10x6x4 inches. With this box the annular space is 
not excessive and yet it is large enough to allow the sand to flow freely : 
on all sides of the sample. 

Since the difference in bulk volume of the standard iat the sample 
is only a small percentage of the total volume, it is evident that the . 
volume of the specimen can be determined to the same precision as it is 
possible to measure the metal standard. 

The weight of the annular sand can be duplicated practically to the 
same precision as it is possible to weigh. As the result of two hundred 
(200) weighings of annular sand around full size bricks (1650 cc.) it 
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was determined that the annular sand weight is accurate to within one 
gram. (Weight of annular sand equals 5500 grams; bulk specific gravity 
of sand, 2.60). The error in duplicating bulk volume measurements of 
a standard size brick is less than .06%. Since the total volume of a 
standard size brick is comparatively large, the surface pores have little 
effect in the determination of the bulk volume. 


II. Pore Volume 


The gas expansion method for determining pore 
volume is shown in Fig. 2. The number of containers 
and expansion bottles depends upon the variation in the sizes of the 
samples and the accuracy desired. The glass expansion bottles may be 
omitted if desired and the containers may be used as expansion cham- 
bers. It is easier, however, to trace and eliminate air leaks if glass 
bottles are used for the expansion chambers. 


V 
Vacuum 

Pump | 


A. Apparatus 


3200 F=1000CC ~G=5006C. 


| Oe 


30 "Manometer 


Fic. 2.—Gas porosimeter. 


The containers are made of one-half inch cast iron. The covers are 
ground to fit and are greased to assure air-tight joints. The outside of 
each container is painted with several coats of shellac to prevent air 
leaking through the castings. 

The containers are designed to accommodate refractory tile and 
standard bricks. They are made with approximately ¢ inch clearance 
on all sides of the specimen to be tested. The volume of each of the 
containers is made adjustable by the addition of shims and plates of 
steel so that they can be used with smaller specimens. The maximum 
precision is attained when the free space around the specimen is reduced 
to a minimum. 

The expansion chambers consist of different size glass bottles. The 
heavy rubber connections to the bottles are coated with shellac. 


| 
| 
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Three-way glass stopcocks are used to connect the iron containers 
to the vacuum tube. Mercury sealed stopcocks are used in connections 
to the glass bottles. 

The pressure gage is a vertical mercury manometer with one end 

of the U-tube opened to the air. The scale is of tempered steel and is 
calibrated in hundredths of an inch. By the aid of the magnifying 
glass, the scale is read to the nearest .001 inch. Two-mm. tubing is 
used throughout in order to reduce the volume of the connectors. 
The sample to be tested is placed in the most suitable 
container. Shims and plates of steel are added to the 
container to reduce the free space. The cover is placed on the container 
and the three-way stopcocks are turned so as to open all the containers 
to the atmosphere. 

A rough estimate is made of the volume of the free space plus the 
pore volume of the specimen. Then the bottle or combination of 
bottles whose volume approaches this estimated volume is decided 
upon, and the mercury sealed stopcocks are turned so as to throw these 
selected bottles into the vacuum line. 

Stopcock V is opened and the selected expansion bottles are evacuated 
to about twenty-eight inches of mercury. When this vacuum is ob- 
tained, stopcock V is closed and the height of the mercury is read 
(P,). Then the stopcock of the container in which the sample is held 
is turned so as to allow the enclosed air to expand into the evacuated 
expansion bottles. When the mercury has reached a constant value 
(after about twenty-five seconds) the height of the mercury above zero 
is read (P2). The vacuum is then released and the test repeated for check 
readings. 

The sample is removed from the containers and the same procedure 
is followed to determine the volume of the container minus the shims 
and plates used. 


B. Procedure 


C. Calculations 
NOTATIONS 
=atmospheric pressure. 
Pg =pressure existing in evacuated expansion bottles. 
P, =gage reading corresponding to Pp. 
Pr=pressure existing in system after air in container has expanded into bottles. 
P,=gage reading corresponding to Pg. 
Vg =volume of expansion bottles used plus all connecting tubing, including the 
manometer tube as far as the first reading P;. 
Vc =unknown volume of container minus shims and plates used, plus tubing to 
three-way stopcock. 
Vc, =unknown volume of free space in container plus pore volume, plus tubing to 
three-way stopcock. 
Ve=volume of mercury gage between and P». 
(1) (Temperature constant). 


| 


DETERMINATION OF VOLUMES OF REFRACTORY MATERIALS 303 


Only one reading is necessary to determine each pressure. The height 
of the mercury above the zero level is read. The difference in the at- 
mospheric pressure and the pressure within the system is equal to twice 
the reading plus the correction factor (AP) which must be added due 
to the irregularity of the bore of the tube. The true pressures 

Pgp=P4—(2P:+4P;) 
Pg 
(2) Ve =[Pa—(2P2+4P2) |(Ve+ Vet Ve) 
(P.+4 (2P:+AP;) 
Ve 
r=radius of tube = .29 cm. 
Ve= .67(P,—P:) 
(4) Vo _ y, 4.67 


(P2+4AP2) 


(2P2+APz) 


Since the third term in equation (4) is usually a very small part of the 
entire volume and is only ever determined to two significant figures, a 
curve is plotted assuming P, and P; constant. Then the value of the 
third term is found by merely reading from the curve (Fig. 3), the value 
that corresponds to Pe. 

A curve (Fig. 4) is also plotted to show the relationship of the mano- 
meter bore correction factor ($AP) to P. 


——— 
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Fic. 3.—Evaluation of third term Fic. 4.—Calibration curve for mano- 


(Section II C, Equation 4). meter. 


Similar calculations are made to determine Vc,. 


Vo= Ve—Va=volume of solid portion of sample. 
(Vi— Ve) 


_ 


Per cent porosity = 100 


where V; is the bulk volume. 
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, ; In the above calculations it will be noted that the 
D. Discussion 
comparatively large manometer tube does not intro- 
of Method 
duce an error in the results since its volume and that 
of all the connections are taken into consideration. The tube is also 
calibrated so that no errors result from irregularities in the bore. With 
this calibration rapid determination can be made since only one mercury 


Se 


level need be read. 
The error in the measurement of volumes resulting from an error of : 
001 inch in reading P; and also P, depends upon the relation between i 
the volume of the expansion chamber and the volume of gas in the : 
container. 
The approximate formula for calculating Ve is | 
P,—1) 
(1) i 
The deviation in Ve caused by an error of .001 inch =dP,, in measuring P;, is 
P Ve 
= .001—- 
P; 2 
The deviation in Vg caused by an error of .001 inch =0P2, in measuring P; is 
VED .001 P2 
The combined effect is 
.001 Vg P 
= 2 2= 
(2) A=VA?+A:2 P; 4 
Let x=ratio of expansion chamber volume to gaseous volume in the container. 
Then 
(3) Vp=xVeo 
(4) Substituting in equation 1. 
P, 1 
P, x 
(5) Substituting in equation 2. 
001 Ve (1+x)? 
14———— 
P, x? 
4100, -001 / +x)? 
Per cent error =—— (100)(1 +x) V 1+.——-- 
Ve x? 
Let P; be about 14.0 inches. , 


1 2 
Then, per cent error =(100)—— ) 4/144 +— 


The following table is calculated from this formula. 


— 
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From Table I it can be seen that the error due to reading the scale 
is very small if the ratio of the volume of the expansion chamber and 
gaseous volume of the container is near unity. 

In the case of the full size bricks tested the error in measuring the 
volume of the solid portion of the brick amounts to less than 1 cc. 

The error in measuring the total volume is also less than 1 cc. There- 
fore, the combined error in determining the porosity of a brick amounts 
to considerably less than .1%. 


Whenx = 7) i } 4 } 1 2 3 4 5 10 100 
Error 70 % 70 To 70 
(Vol.) 085 .050 .045 .040 .035 .020 .040 .045 .055 .065 .12 1.0 


Examples cc cc cc cc cc cc ce cc cc cc 
if volume 
is 

2000 cc 1.7 1.0 9 8 8 
4000 cc 3.4 2.0 1.8 1.6 1.4 te £8 2.3 60 


III. Comparative Porosity Tests on Different Types of Refractories 

In order to compare the data obtained by the above described method 
to that obtained by the usual water absorption method, several tests 
were made on different types of standard refractory bricks having a 
wide range in porosity. 

The samples used for the gas expansion tests were all 9x4}x24 
inches, while those used for water absorption were 44x 2}x2} inches. 
In Table II shown above, the data (a) and (b) were secured from sections 
cut from opposite ends of the brick on which the gas porosities were 
measured. It will be noted that in several cases under the water method 
that check values are recorded. In all the check tests the specimen on 
which the first value was determined was oven dried at 150°C for 
36 hours and allowed to cool in the air before the second test was made. 

In the water absorption method the specimen was first oven-dried 
and weighed. It was then boiled for four hours in a container into 
which steam was continually fed. After cooling in water to room 
temperature the suspended and wet weights were determined. In 
obtaining the wet weight the sample was removed from the water 
and allowed to drip for a few seconds with the 4}x2}-inch surface 
in a horizontal position until a single drop adhered to the center of the 
flat surface before the piece was placed in the balance pan. 

In securing the wet weight of a porous body, it is evident that there 
may be considerable water removed from the surface pores. It is, 


4 

| 
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4 
TABLE II i 
EXPERIMENTAL RESULTS i 
Refractory Per cent porosity Bulk specific gravity Caled. true sp. gr 1 
material Gas Water method Gas Water method Gas Water method 4 
method (a) (b) method (a) (b) method (a) (b) j 
(37.0 35.2 2.06 2.06 $:% «3.38 
36.3 35.7 2.06 2.04 3.24 3.18 
Carborundum {35.5 34.4 2.0 2.10 $3.25 ° 3.20 
No. 1 35.1 34.2 2.09 2.08 3.20 3.16 ; 
36.6 34.7 2.08 3.25 3.16 
36.2 34.9 2.06 3.24 3.18 : 
19.4 16.4 16.2 2.33 2.56 2:36 3.95 3.06 3.06 
9 lod 
No. 2 421.6 17.9 75 2.43 2.42 2.45 3.82 2.95 2.96 E 
21.4 19.5 7 2.43 2.41 2.4 3309 330 
20.0 2.41 3.01 . 
20.3 20.3 2.84 2.84 3.56 3.56 
Fused Alumina 419.8 20.2 2.84 2.83 
No. 1 20.4 20.3 2.82 2.84 5.36: 
21.9 2.78 3.56 
22.9 22.3 3.06 2.72 2.43 3.58 3.54 
Fused Alumina {21.4 22.2 21.4 2.79 2.76 2.78 33: 3:35 3.54 i 
No. 2 22.3 22.3 |. $3.55 $.& 4 
22.3 22.5 2.76 2.74 3.54 3.54 
(18.4 19.0 2.99 2.97 3.66 3.66 
Fused Alumina {18.3 18.5 2.98 2.98 3.65 3.66 x 
No. 3 18.6 18.5 2.97 2.96 3.65 3.66 i 
2.98 3.65 
$4.2 2.01 2.93 
High Alumina {29.1 28.0 26.9 2.04 2.04 2.06 2.88 2.84 2.82 
No. 1 32.3 31.0 1.99 1.99 2.93 2.88 
29.1 28.2 2.04 2.03 2.88 2.83 
(32.9 31.1 2.02 2.04 3.02 3.01 
2.04 3.01 
High Alumina ,29.6 27.8 27.5 2.12 2.19 2.17 3.01 3.03 3.00 
No. 2 2.18 2.18 3.00 3.00 
31.6 2.05 2.01 3.00 3.01 
2.8 2.02 3.00 
39.6 40.1 39.6 1.84 1.81 1.83 3.06 3.03 3.05 
41.3 39.2 1.79 1.84 3.05 3.05 4 
39.6 40.0 1.84 1.81 3.06. 322 
High Alumina { 40.5 1.81 3.05 i 
No. 3 139.0 39.1 1.86 1.85 3.06 3.05 
| 38.5 1.86 3.04 
139.6 39.8 1.85 1.82 3.06 3.03 
39.4 1.84 3.05 


3 
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TABLE II (concluded) 


Refractory Per cent porosity Bulk specific gravity Calcd. true sp. gr. 
material Gas Water method Gas Water method Gas Water method 
Method (a) (b) method (a) (b) method (a) (b) 
(39.6 40.5 3.11 3.08 
40.8 1.83 3.10 
40.7 40.6 1.85 1.83 $3.32. 3.00 
High Alumina 41.0 1.83 3.10 
No. 4 39.4 37.8 1.88 1.91 3.12 3.08 
37.9 1.91 3.08 
139.4 37.9 1.89 1.91 3.12 3.08 
37.6 1.92 3.08 
Kaolin Brick {32.4 31.8 1.88 1.87 
32.8 1.87 2.77 
(24.2 24.4 23.3 2.05 2.04 2.07 2.70 2.70 2.70 
25.1 5.3 2.03 2.07 2.71 2.70 
23.0 22.6 2.08 2.08 2.00: 
First Quality | 23.3 2.07 2.70 
Fire Clay 424.3 24.5 2.04 2.02 2.69 2.60 
24.3 2.03 2.68 
122.7 23.6 2.08 2.06 2.70 2.70 
22.9 2.08 2.70 
25.4 2.02 2.70 
Fireclay 147.6 47.5 1.45 1.47 
Insulating {43.7 1.37 2.47 
Brick (44.5 1.53 2.76 
45.0 44.8 1.51 1.52 2.70 2.96 
High Temper- {68.9 68.0 .879 2.83 2.78 
ature Insulat- {68.6 885 2.83 
ing Brick [72.9 72.3 .760 2.83 2.81 
72.9 764 2.82 
Low Tempera- {72.9 72.9 .650 .640 2.40 2.36 
ture Insulat- {72.5 71.0 72.5 .660 .680 .647 2.40 2.35 2.35 
ing Brick 71.4 .676 2.36 
No.1 |72.9 72.9 .651 .636 2.40 2.35 
73.3 .647 2.40 
Low Tempera- |82.0 81.7 459 456 2.359 2:9 
ture Insulat- 481.3 80.9 .479 480 3.35 2.31 
ing Brick No. 2| 81.1 .470 2.50 
81.6 -455 2.50 


however, believed that by this method the excess of water on the lower 
surface of the sample is approximately the same as that which runs 
from the pores on the upper surfaces so that the wet weight is more 
accurate than if the specimen were dried with a damp cloth. The 
data shown above for the water method were all determined by the 
same operator so the results are comparable. 
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Kind of Refractories Tested 


The carborundum brick No. 1 were made entirely of carborundum 
and were recrystallized in an electric furnace. The carborundum 
brick No. 2 were ceramically bonded and kiln fired at 1350°C. The 
fused alumina brick Nos. 1, 2, and 3 were all bonded with approximately 
20% of raw clay and fired at 1350°C. The high alumina refractories 
Nos. 1 and 2 were fairly strong and dense. No. 2 was kiln fired to cone 
19 (1510°C). The high alumina bricks Nos. 3 and 4 were quite coarse 
and open. They were fired to cone 15 (1430°C). The kaolin brick were 
fairly dense and were fired to cone 15. 

The first quality fireclay samples were dense commercial fire brick. 
The fireclay insulating brick were fairly porous and were high fired. 
The high temperature insulating refractories were very porous and had 
been fired to high temperatures. The low temperature insulating 
refractories Nos. 1 and 2 were commercial bricks containing diato- 
maceous earth. 


Example of Calculations 


Carborundum Brick No. 1B. 
(1) Determination of bulk volume (by sand displacement method) 
Volume of density box =3791 cc. 
Volume of metallic standard brick = 1658 cc. 
Volume of annular sand = 3791 — 1658 = 2133 cc. 
Weight of annular sand around std. brick =5540 gms. 


5540 
Bulk specific gravity of sand =—— =2.60 gms/cc. 
2133 
Algebraic difference in weights of annular sand around standard 


and brick = +40 gms. 
Check = +40 gms. 


40 
Bu k volume of brick = 1658 we = 1673 cc. 


(2) Determination of pore volume (by gas expansion method) 


Check Readings 
P,=12.960 P,=12.960 
P,= 7.658 7.658 


Volume of expansion bottle = 1445 cc. 
From.calibration chart (Fig. 4) 
44P,=+.216 
From valuation chart (Fig. 3) the effect of third term =3 cc. 


1 
(Pit _ onp,—p,) (Par (2P2+4Ps)) 


Vey = 
(Pot AP;) (2P2+4P3) 
Voy = 1445 12-2004 4454.3 = 1029 
"(7.6584 .216) 


Likewise the volume of the container is calculated. 
7-=2108 cc. 


i 

j 

£ 
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[Ve—(Ve— Ver)] [1673 — (2108 — 1029)) 
= 100 
Vi 1673 
(3) Bulk specific gravity (by sand displacement method) 
Dry weight 3505 


Total volume 1673-2” 


35.5 


Per cent porosity = 100 


(4) Calculated true specific gravity (by gas expansion method) 


Dry weight 3505 3.25 
Volume of solid portion of brick = (2108 — 1029) hie 
(5) Determination of porosity (by water method) 
Dry weight =741.9 gms. 
Wet weight = 866.5 gms. 
Suspended weight =511.6 gms. 
Pore water = wet weight —dry weight 
= 866.5 —741.9 =124.6 gms. 
Bulk volume = wet weight —suspended weight 
= 866.5 —511.6 =354.9 
Pore water (100) 124.6(100) a 
Bulk volume 354.9. 
(6) Bulk specific gravity (by water method) 
Dry weight 741.9 


Bulk volume 34.970 


35.1 


Per cent porosity = 


(7) Calculated true specific gravity (by water method) 
Bulk specific gravity (100) 322 


100 — per cent porosity 


Time Required to Make Determinations 

The total time required to make a routine porosity determination 
is approximately twelve minutes. The bulk volume determination by 
the sand displacement method requires about three minutes. This 
average time is reduced considerably when several tests are made and 
the bulk specific gravity of the sand is only determined once for the lot. 
The pore volume is measured and checked in about four minutes, and 
the calculations made in five minutes. 


Discussion of Results 


It will be noted from the above results that with the carborundum 
refractories the gas expansion porosities are 1 to 3% higher than the 
water absorption values. This is probably due to the fact that the air 
diffuses through pores into which water cannot penetrate. 

The porosities of the fused alumina bricks obtained by both methods 
check very closely. All the values on the fireclay brick check within 
approximately 1%. It is, of course, realized that there may be a varia- 
tion of over 1% in the porosity in different sections of a given brick as 
shown by the data listed under’ (a) and (b). Some difference in gas 
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porosity on the whole brick and the water porosity on about } of the 
same brick is, therefore, due to variations in the material itself. 

The results on the very porous insulating refractories obtained by 
the two methods check very closely. In these bricks the number of 
sealed pores is probably very small. 

The specific gravities calculated from the gas porosity results are 
almost identical for a given lot of bricks, while those calculated from 
the water porosities show considerable variation. 

All the porosity data recorded under the gas expansion method 
could be calculated to four significant figures. This, however, would 
involve unnecessary work since at present bricks made from the same 
mix and fired in the same kiln differ in porosity by more than 1%. 


Conclusions 


1. The rapid determination of the bulk volume of refractory or 
other ceramic materials can be made by the use of a new sand displace- 
ment method. 

2. The error in measuring this volume of standard brick is less 
than 0.06%. 

3. An accurate measurement of the pore volume of materials can 
be made by the use of a gas expansion apparatus fitted with an open 
end U-tube manometer. 

4. In using these two methods the error in determining the porosity 
of refractory brick is less than 0.1%. 

5. Comparative tests by the use of these two methods and the 
water absorption method show (1) very close results (generally within 
1%) with thirteen types of refractory materials, and (2) slightly low 
water porosities with two types of carborundum materials. 


Note: Acknowledgment is made in particular to G. H. Porter of this Laboratory 
for his original suggestion to use sand displacement for bulk volume. 
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THE MERCURY BALANCE-—AN APPARATUS FOR 
MEASURING THE BULK VOLUME OF BRICK! 


By A. E. R. WESTMAN? 


ABSTRACT 
A new apparatus for measuring the bulk volume of bricks, called the mercury balance, 
has been described and its method of operation given in detail. Its great accuracy and 
other advantages would recommend its use when a large number of very accurate 
measurements of bulk volume are required. 


I. Introduction 


A brick contains solid material, open pores, and 
closed pores. In describing a brick, the three terms 
“true volume,” “apparent volume,” and “bulk 
volume” are used. The true volume of a brick is the volume of the solid 
material only, the apparent volume is equal to the sum of the true 
volume and the volume of the closed pores, and the bulk volume is 
equal to the sum of the apparent volume and the volume of the open 
pores. The bulk volume of a brick is thus the over-all volume, or what 
would ordinarily be meant by the term “volume” without any qualifi- 
cations. 


1. Definition of 
Bulk Volume 


It is frequently necessary in the investigation ot 
the properties of fire brick and similar ceramic 
products to make accurate determinations of the 
bulk volume of a number of bricks. Such measure- 
ments are, for example, of great use in determining accuracy of molding, 
in calculating the porosity from a knowledge of the pore volume and 
especially in determining the small changes in volume that occur in 
permanent expansion and contraction tests. It is therefore a great 
convenience to have a simple, accurate and rapid method for determin- 
ing the bulk volume of bricks. 


II. Present Methods of Measuring Bulk Volume 

Schurecht,? Shaw,‘ Staley,’ Spurrier’ and Goodner’ 
have developed volumeters of different types for 
measuring the bulk volumes of -small briquets. 
Goodner reviews and criticizes the methods which 


2. Importance of 
Bulk Volume 
Measuren.ents 


3. The Work of 
Previous 
Investigators 


1 Presented at the Annual Meeting, AMERICAN Ceramic Society, Atlanta, Ga., 
Feb., 1926. (Refractories Division). Recd. Dec. 14, 1925. 

? Research Associate in Ceramics, Engineering Experiment Station, University of 
Illinois, Urbana, IIL. 

3 Jour. Amer. Ceram. Soc., 1, 556 (1918); Ibid., 3, 730 (1920). 

4 Jour. Amer. Ceram. Soc., 2, 480 (1919). 

*U.S. Bur. of Stand. Rept., “Construction and Tests of Staley Volumeter,”’ Verbal 
Request of Committee of Standards of the Amer. Ceram. Soc., Feb., 5 (1919). 

6 Jour. Amer. Ceram. Soc., 3, 400 (1920). 

7 Jour. Amer. Ceram. Soc., 4, 288 (1921). 
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require a preliminary soaking of the briquet in some liquid. None 
of the methods which have been developed for measuring briquets 
can be used conveniently for measuring standard brick. The methods 
which are used for measuring standard brick at the present time will 


be briefly reviewed here. 
4. The Caliper Method In the caliper method the volume of a brick 
is calculated from the average linear dimen- 
sions of the brick which are obtained by making several caliper 
measurements of each dimension. With well-shaped bricks the bulk 
volume can be determined to within 1% by this method if care is taken. 
If the shape of the brick departs materially from that of a true rec- 
tangular parallelopiped or has broken edges this method is uncertain. 
: This is the most accurate method in common 
Method! use.! The brick is soaked and then weighed in 
kerosene, or some similar liquid, giving what is 
called the “‘suspended weight.”’ It is then removed from the liquid, 
wiped with a moist cloth and weighed in air giving the “‘wet weight.” 
The bulk volume of the brick is then obtained by dividing the differ- 
ence between the wet and suspended weights by the density of the 
liquid used. In cases where some liquid other than water must be used 
the temperature of the liquid must be very accurately controlled. 
In either case it often happens that the liquid soaked up by the brick 
must be removed before further tests can be carried out; this involves a 
subsequent drying or firing which not only entails a loss of time, 
but may affect the properties of the brick. For this reason this method 
is inconvenient for permanent expansion or contraction tests. 
6. The Air Expansion In this method the brick is coated with a 
Methods sufficiently thick layer of beeswax to hold a 
partial vacuum and the volume obtained by 
means of an air expansion porosimeter.? This method is not as accurate 
as other methods and the trouble and loss of time involved in removing 
the wax coating precludes its use except in connection with porosity 
measurements by the air expansion method. 
7. The Displacement In the displacement method the brick is placed 
Method in a container whose volume is known and the 
volume of the brick calculated from the vol- 
ume of liquid necessary to fill the remaining space in the container. 
If kerosene is used the brick must be soaked to saturation before being 
measured, but if mercury is used this is not necessary. This method 
and its modifications are very useful for measuring small briquets, 
but in order to secure sufficient accuracy when standard bricks are 
measured, a clamped cover and gasket are necessary and this introduces 


! American Society of Testing Materials, Standard C 20-20, p. 742 (1924). 
2E. E. Pressler, Jour. Amer. Ceram. Soc., 7 [3], 154-59 (1924). 


| 


MERCURY BALANCE 313 


uncertainties. Attempts have been made to use zircon grain instead 
of mercury but, as the zircon grain aid not pack to the same extent 
in every measurement, only approximate results could be secured.! 


III. The Mercury Balance 


A new apparatus, which we have called the mer- 
cury balance, has been developed in this lab- 
oratory during the past year and has been 
found to be very convenient for measuring the 
bulk volume of fire brick. It lends itself readily 
to such extreme accuracy that it should prove 
useful in many investigations. The mercury balance 
operates on the principle that a brick, when im- 
mersed in mercury, displaces a volume of mercury 
equal to its bulk volume and that the mercury 
exerts an upward thrust on the brick which is equal 
to this volume multiplied by the density of the 
mercury. In the mercury balance the upward 
thrust of the mercury is measured by finding the 
weight necessary to balance it and from a knowledge 
of the density of the mercury the bulk volume can 
be calculated. The arrangement of the balance is 
such that the center of gravity of the moving system 
is situated about eighteen inches below the position 
of the brick being measured, which stabilizes the 
moving system as a whole and keeps the brick in 
in a horizontal position; thus no difficulty is en- fy 1 —The mercury 
countered from using a heavy liquid like mercury balance. 

for the immersion medium. 


8. The Operating 
Principle of the 
Mercury Balance 


IV. Description of the Mercury Balance 

A picture and a diagram of the mercury 
balance, which is used for measuring the 
bulk volume of standard straight bricks (9x4.5x2.5 inches), are shown 
in Figs. 1 and 2 respectively. It is used in conjunction with a torsion 
balance that will weigh 4 kilograms to 0.5 grams and consists of a 
mercury trough, a saddle, a permanent weight, a scale pan and a 
supporting framework. 

The mercury trough (1, Fig. 2) is a cast iron box 
with walls ? inch thick and inside dimensions 
10x54x5% inches. It is bolted to two }x2-inch 
steel straps which are in turn bolted to an iron pipe framework 4 feet 


9. General Description 


10. The Mercury 
Trough 


2 Since this paper was written, the author has learned that Hartman, Westmont, 
and Morgan, This Jour., pp. 298-310, have made accurate bulk volume measurements 
with zircon grain by using a comparative method. 
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high. A pet-cock is used for adjusting the mercury level and for remov- 
ing the mercury for cleaning. 


high 11. The Saddle The saddle (5, Fig. 2) was made 
| Wiest from pieces of 1x1 inch angle iron 
= Eat which were rivetted together so as to form a rec- 
| tangular cage 93x93x6} inches. Four 4x }-inch 
| +4 - | bolts are fastened to it by means of lock nuts at 
—_— points situated at the corners of a rectangle 5x2} 

ita el ea | inches. Marks were made at exactly 3 inch from the 


| ¥ lower ends of the bolts and the combined volume of 
\/ these }-inch lengths so marked off was calculated 
| (seam) from their dimensions and found to be 0.75 cc. 
The permanent weight (6, 

Fig. 2) was cast from babbitt and 
its weight adjusted until the 
weight of the moving system consisting of saddle, 
permanent weight, scale pan, and suspending chains 
was 14,000 grams, which was just insufficient to 
cause the smallest and heaviest brick we were to 
measure to sink in mercury. The permanent weight 
was suspended from the saddle by means of steel 
chains. 

The scale pan (Fig. 1) was suspended from the 

permanent weight by means of chains and con- 
sisted of an ordinary graniteware pan. 


12. The Permanent 
Weight 


Fic. 2.—The mer- 
cury balance. 


13. The Scale Pan 


V. Operation of the Mercury Balance 


About three inches of mercury is put in the trough 
(1, Fig. 2) and the brick to be measured is slipped under 
the saddle (5, Fig. 2), from which the permanent weight and scale 
pan have been removed, and adjusted to such a position that it floats 
in a horizontal position on the mercury, the *dge of the trough serving 
as a level edge for comparison. 

The permanent weight and scale pan are then hung 
on the saddle; sufficient weights to make the brick 
sink to the bottom of the trough are added to the scale pan and the 
mercury level adjusted until there is at least 1} inches of mercury 
above the brick. The weights in the scale pan are then varied until a 
balance is secured and the brick remains stationary in such a position 
that the marks on the bolts! are just level with the surface of the 
mercury, and the value of this balancing weight is noted. When a 


14. Leveling 


15. Balancing 


1 See §$§$11, above. 
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balance is secured, there will be 4 inch of mercury above and 1 inch of 
mercury below the brick; in this position surface tension effects are 
negligible although they are quite marked when the brick comes 
within } inch of the top or bottom surface of the mercury. 
The temperature of the mercury is measured to 
within 0.25°C by means of a thermometer and the 
corresponding density found from  temperature- 
density tables, which are given in most handbooks. 
The brick is now removed from the balance, 
brushed off and weighed on a torsion balance to 
0.5 grams. To this weight is added the combined 
weights of the moving system (14,000 grams) and the balancing weight’; 
the sum, so obtained, is then divided by the density of the mercury 
giving the volume of the mercury displaced. The volume of the parts 
of the bolts that were immersed in the mercury (0.75 cc) is subtracted 
from this volume and the bulk volume of the brick obtained. 

If it is necessary to know the bulk volume of a brick to within 0.1 cc 
a correction must be applied for the buoyant effect of the air on the 
mercury and on the brass weights which are used in finding the weight 
of the moving system and in balancing the apparatus. This correction 
can be applied with sufficient accuracy in the case of standard straight 
bricks by subtracting 0.1 cc from the bulk volume as found above. 


16. Measuring 
Temperature 


17. Weighing and 
Calculating 


VI. Typical Bulk Volume Measurements 


A typical calculation of the bulk volume 


18. Typical Calculation of a brick from the data secured from the 


mercury balance follows: 


3,981.2 gm. Total vol. of mercury displaced* = 
3,831.5 gm. 21,812.7 + 13.5276 = 1612.5cc 
Wt. of moving system..... 14,000.0 gm. — Uncorrected bulk vol. of brick = 
1612.5—0.75 =1611.8cc 
Total thrust downward... .21,812.7 gm. Buoyancy correction =0.1 cc 
Temp. of mercury......... aC Corrected bulk volume of 
Density of mercury (in brick = 1611.7 cc 
13.5276 gm.cc 


* If Landolt-Bornstein tables are available the total volume of the mercury displaced 
can be found by multiplying the “‘total thrust downward” (21,812.7 gm.) by the appro- 
priate factor from Table 25 p. 78 of the 5th edition (1923), or Table 20 p. 47 of the 
4th edition (1912). 


The bulk volumes of samples of 
typical fire brick were measured by 
means of the mercury balance and were 
also calculated from caliper measure- 
ments. The results are reported in Table I. 


1See §§15, p. 314. 


19. Comparison of Caliper 
and Mercury Balance 
Measurements 
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TABLE I 
MERCURY BALANCE AND CALIPER MEASUREMENTS OF BULK VOLUME 


=] 
< 
Ss | 
- 
=} 
3 
5 


By By 

| | mercury balance | calipers 

Al | Fire clay | Trade mark up | 1538.65 | 1534.44 
“Al(dup) Fireclay [Trademark down] 1538.65 | 
FE | 1060 | 1427.01 


The duplicate measurements made on the same sample but on 

different days by means of the mercury balance show that the measure- 
ments can be duplicated to within about 0.1 cc or to within 0.007%; 
thus changes in volume of less than 1% could be measured with accu- 
racy. Caliper measurements are sometimes higher and sometimes 
lower than the mercury balance measurements depending on the 
shape of the sample. 
The accuracy of molding of some dry press 
bricks was determined by making bulk volume 
measurements on different samples of the same 
brands of brick. These measurements are given 
in Table II. The uniformity of volume is clearly indicated by the 
results. 


20. Measurements 
to Show Accuracy 
of Molding 


TABLE II 
BULK VOLUME MEASUREMENTS TO SHOW ACCURACY OF MOLDING 
Brand Sample Type Bulk vol. in cu. cm 
os A Bonded SiC 1610.2 
c F Bonded SiC 1611.8 
A F Bonded Al,O3 1645.7 
A E Bonded Al,O; 1643.8 
R F Recryst. SiC 1707.4 
R E Recryst. SiC 1705.5 
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VII. Advantages and Limitations of the Mercury Balance 


By means of the mercury balance bulk volume 
measurements can be made on standard bricks with 
little loss in time and with great accuracy. 

In comparison with most of the other methods, the mercury balance 
method saves time in that no preliminary soaking and no subsequent 
drying or firing of the brick is necessary. 

The mercury balance method is more accurate than the methods in 
use at present as bulk volume measurements on most bricks can be 
made to within 0.007%. The most accurate measurements can be 
made with comparatively smooth faced bricks such as fire brick and 
specialized refractories. With these the balance is sensitive to 0.5 gm. 
and measurements can be made to within 0.005%. With bricks that 
have an appreciably rough surface, such as is found on some types of 
insulating brick, the volume of mercury which the brick displaces 
depends to a noticeable extent on the depth to which the brick is 
immersed ; this decreases the sensitivity of the balance to some extent, 
but the volume of a brick can still be determined to within 1 cc. The 
definition of bulk volume given in the introduction cannot be applied 
to bricks of this type with great accuracy because so many large pores 
are open at the surface of the brick that the bulk volume depends on 
where we place the outer boundaries of these pores. In a case like this, 
it seems to be a logical procedure to define the bulk volume of a brick 
as the volume measured by a mercury balance when the brick is im- 
mersed to a depth of ? inch in mercury. With bricks of this kind 
quicker readings can be made if the cross-sectional area of the bolts 
(4, Fig. 2) is increased, as then the decrease in the volume of mercury 
displaced by the brick as it sinks will be approximately balanced by the 
increase in the volume displaced by the bolts. 

With bricks that are very permeable there will be some tendency of 
the mercury to penetrate the brick. A little penetration into a pore or 
crack of relatively small diameter introduces no error as the weight of 
any mercury that penetrates will be included in the weight of the brick 
and thus no error will be introduced. 

The presence of impurities in the mercury will affect its density. This, 
however, introduces no serious difficulty as most fire brick contain no 
ingredients that are soluble in mercury and the cast iron trough is 
practically insoluble and if, consequently, the bricks are brushed well 
before being measured the mercury will remain sufficiently pure for a 
long time. 

For 10% accuracy it is only necessary to determine the temperature 
of the mercury to 0.5°C, for 235% to 0.25°C. This can be done with 


21. Advantages 
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sufficient precision as the mercury is well-stirred during the balancing 
process and has a high heat capacity. 

The mercury balance is not recommended for 
measuring bricks that are badly cracked or have very 
large open pores as in such cases it is difficult to secure a good reading 
and difficult to recover the mercury which soaks into the brick. There 
may also be some very weak insulating brick which could not be 
measured in the mercury balance as they would break under the strain 


22. Limitations 


imposed. 

Where only a few measurements are to be made the cost of the 
mercury and the necessity of building a special apparatus will prohibit 
the use of this method. However, as the apparatus can be built from 
readily available materials and the loss of mercury can be made very 
small, it can be used to advantage when many measurements are to be 


made. 


USE OF EUTECTICS AS GLAZES' 


By Hopart M. KRANER 


ABSTRACT 


The properties of the high silica eutectics of some of the common ternary systems are 
given consideration in suggesting them for use as glazes on ceramic bodies. 


It is generally considered good practice to compound glazes so as 
to use several RO constituents rather than only one. The reason for 
this is that the viscosity is lowered thereby, and the greater the number 
of fluxes present, the lower the temperature at which fusion begins 
and the wider will be the range of temperature over which the solution 
of the excess constituents takes place. It has not been mentioned how- 
ever that such practice also involves the use of a greater amount of 
excess, or relatively insoluble constituents such as alumina and silica. 
The net effect is therefore no different than may be found in a glaze 
which consists of a larger amount of a eutectic which melts at a higher 
temperature than the low melting constituent of the more complex 
glaze. A glaze containing only a small amount of a low temperature 
eutectic hardened by the presence of the large excess of material which 
passes into solution over a wide range of temperature may not reach 
maturity as a glaze any earlier than one containing a larger amount of 
a high temperature eutectic. For example, consider a glaze containing 
10% of a eutectic melting at 900°C, and the glaze itself maturing at 
1300°C. This means that the glaze has a range of 400°. Then consider 
a glaze containing 95% of a eutectic which melts at 1000°C and the 
solution of the whole composition being complete and mature as a 
glaze at 1100°C. In the latter case melting began later than in the 
former case but was completed earlier. 

Eutectics are compositions having the lowest melting temperatures 
of their respective systems. Their vapor pressures are also the minimum 
and in such compositions therefore volatilization of the constituents 
is minimized. This is not as vital a consideration in glazes for porcelain 
as it is in the case of enamel compositions and very low temperature 
glazes where many volatile constituents come into use. 


NOTE: In speaking of the properties of eutectics in this connection it must be remem- 
bered that the high viscosity, slow diffusion and low thermal conductivity of silicate 
meits (particularly those high in silica) precludes any attempt to claim that a eutectic 
mixture composed of ceramic materials poorly ground or mixed may act as a molecularly 
dispersed homogeneous mixture of the same fired composition. However, it has been 
repeatedly shown that a eutectic mixture composed of ceramic materials does have a 
much more rapid deformation than other compositions similarly prepared which are not 
eutectics. The viscosity and viscosity-temperature relations also affect certain interpre- 
tations in this connection. With all of these in mind it is hoped that the material pre- 
sented will not be misleading or appear too presumptuous. 

' Presented at the Annual Meeting, American Ceramic Society, Atlanta, Ga., 
Feb., 1926. (Refractories Division). Received December 8, 1925. 
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In eutectic compositions the components are mutually soluble. If 
the temperature slightly exceeds the eutectic melting temperature, 
each of the constituents will pass into solution simultaneously; or in 
the case of a ceramic mixture, within only a few degrees range. 

It has been pointed out by Vogt! that on cooling “compositions near 
the eutectic further the formation of glass.”” This should recommend 
them to a certain extent for use as glazes. 

The foregoing seem to indicate a few favorable properties through 
which such compositions may find application. Riddle and Laird? 
have pointed out the contribution of glazes to the strength of porcelain. 
In cooling a glazed porcelain body from its maturing temperature, 
it first passes through a plastic or semi-plastic stage. Some place in 
this cooling the liquid becomes solid and the piece then shrinks according 
to the thermal expansion of the solid mass. In most cases the glaze 
is soft long after the porcelain mass has reached 
the rigid condition. Unless the glaze in the solid 
state has a very low coefficient of thermal ex- 
pansion, it is under tension, and very probably 
adds strength to the porcelain tested in tension. 
In case the glaze does have a lower coefficient 
of thermal expansion than the body, the cooling 
below its solidification temperature will place 
it under compression and the body under ten- 
sion. It would seem therefore that through 
the control of solidification temperature of the 
glaze, glaze fit and strength of porcelain may 
to a certain extent be affected independently 
of some of the other factors usually considered. 

In the case of chemical porcelain or spark 
plugs it would seem that a glaze having a high 
temperature of initial melting is more desirable 
than the usual type of glaze which is apt to be 

Si0, soft at the temperature at which it is to be 
Molecular Percent’ used. The possibility of utilizing such a glaze 

Fic. 1.—Eskola, Amer. of eutectic composition in this connection is 
Jour. Sci., 44 (1922). very favorable due to its possible high tem- 
neg a perature of melting with rapid rate of matur- 

ing. 

Where a glaze free of or low in bubble content is desired, one 
having a late melting point may provide sufficient time for the decom- 


' J. H.L. Vogt, Jour. of Geol., 31 [3], 233-52 (1923). 
* F. H. Riddle and J. S. Laird, Jour. Amer. Ceram. Soc., 5, 500 (1922). 
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position of the glaze materials such as carbon- ,,5, apy 
ates, nitrates, etc., which might ordinarily 


decompose at temperatures where the long 510,-Si0,/ 
/y/ / 

range glaze has already become somewhat fluid. A |i 
The result is that in the eutectic composition /ooo > eee 


the probable large volume of gas has been ,,,| a 
easily liberated from the unfused glaze coating, H 
and thereby does not interfere when melting i. * ihewietiilhilalaliel 
begins. The body may also contain a large “2%!°s m0, 
amount of bituminous material whose oxidation Pos. bins. aad 
is not prevented as when an early melting glaze Bowen, Jour. Phys. Chem., 
is used. 28, 11(1924). 
Singer’ states that for steatite or other high 
magnesia compositions the following or similar glazes high in magnesia 
should be used. 
0.876 to 0.962 MgO 
0 t00.023Ca0 | 
0 to0.017 Na,O }; 0.058 to 0.281 Al,O; 1.476 to 2.202 SiO, 
0.007 to 0.046 K,0 | 
0.026 to0.030 FeO 


The MgO-Al.0;-SiO, eutectic? melting at 1345°C and having the 
composition 


20.3 
Al.O; 18.3 } has the molecular formula 
SiO, 61.4 


MgO 0.38 Al,O; 2.01 SiO, 


This also is a good glaze at cone 14 but does not closely conform to 
the empirical rules given for the design of lime-feldspar porcelain glazes 
for that temperature. The feature of using a high MgO glaze is simply 
an application of the law of mass action. It is unlikely that there 
would be much interaction between glaze and body where their com- 
positions are similar, and the possibility of obtaining a bright glaze 
on a similar body is favorable. 

The use of a glaze in which CaO is the only flux is mentioned by 
Kerl® and this seems to be simply the high silica eutectic of the lime- 
alumina-silica system‘ hardened by clay and flint. Its formula is as 
follows: 

CaO 1.16 Al,O; 8.98 SiO, 

1 Die Keramic im Dienste von Industrie und Volkswirtschaft, p. 404. 

? Rankin and Merwin, “The Ternary System MgO-Al,0;-SiO2,”" Am. Jour. Sci., 55 
(1918). 

3’ Handbuch der Thonwarenindustrie, p. 1401. 

4 Rankin and Wright, ‘The Ternary System CaQ-Al,0,;-SiO2,”” Am. Jour. Sci., 39 
(1915). 
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The high silica eutectic in the lime-alumina-silica system melts at 
1170°C. At cone 6 it is a good glaze. Its composition and molecular 
formula are as follows: 


CaO 23.25 
Al,O; 14.75 
SiO, 62.0 


CaO 0.346 Al,O; 2.48 SiOx. 


Any addition or reduction of any of the three constituents of such a 
glaze will serve to hardenit. The most satisfactory method of hardening 
most of these is through the addition of silica. A study of the lime- 
alumina-silica or the magnesia-alumina-silica systems will make this 
apparent. The lines connecting these respective high silica eutectics 
with silica represent compositions 
which are good glazes for many 
purposes. 

Attempts have been made to use 
old plaster of Paris molds as a glaze 
ingredient. Many of these attempts 
have met with failure due to the 
evolution of the SO; causing either 
bubbles, blisters, or scumming. The 
use of old molds in a glaze of the 
eutectic type using CaO as the only 
flux yields favorable results in spite 


Fic. 3. of the information’ which gives the 
SrO CaO MgO Na:O K,0 Al.O; SiO: Deforms Worker 
or 
Melts 
B 35 10 55 Cone 6 Watts 
S 46.5 53.5 1358 Eskola 
N 18.4 81.6 860 Rice 
N 17.5 Pare 5.4 79.2 800 Rice 
N 17.64 ja ays 82.36 802 Morey & Bowen 
K 880 Rice 
K 17.4 5.2 77.4 870 Rice 
Cc 37 63 1436 Rankin & Wright 
Cc 23.25 14.75 62 1170 Rankin & Wright 
M 35 65 1543 Rankin & Merwin 
M 20.3 18.3 61.4 1345 Rankin & Merwin 
M 20.0 20.0 60.0 Cone 12 Watts 


Eskola, Am. J. Sci., 44 (1922). 

Rice, Jour. Amer. Ceram. Soc., 6, p. 480 (1923). 

Watts, Trans. Amer. Ceram. Soc., 19 p. 453-459 (1917). 
Rankin & Wright, Am. J. Sci., 39 (1915). 

Rankin & Merwin, Am. J. Sci., 45 (1918). 

Morey & Bowen, J. Phys. Chem., 28, 11, (1924). 


‘Ingberg, Trans. A. S. T. M., 23, 254 (1923). Treadwell and Hall, Analytical 
Chemistry, Vol. 2. 
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decomposition temperature of CaSO, as being higher than the tempera- 
ture of melting of the lime-alumina-silica ternary eutectic, at 1170°. 
It would be ideal in this case if the temperature of decomposition were 
below this temperature. However, since the melting is somewhat 
rapid, the SQ; is liberated with the melting and a good glaze results 
within a few degrees of 1170°C. 

When composed of old molds, clay, and flint this glaze is as follows: 


Old molds (CaSO, 46.6 
Clay 24.2 
Flint 29.2 


This glaze has been found satisfactory in regard to quality and to 
be practical in application as well as to reduce the glaze cost on ware 
such as standard dry press porcelain, etc. 

Unfortunately the systems of all of the oxides of the alkaline earths 
and the alkalis with alumina and silica are not complete. A comparison 
of the binary systems as shown in Figs. 1 and 2 will show the similarity 
of positions of the high silica eutectics. Figure 3 shows another simi- 
larity of eutectic compositions which may prove of some benefit in the 
development of glazes of this type for special purposes. This indicates 
that even though these systems are not complete their ternary eutectics 
if desired are apparently easily available. 


WESTINGHOUSE ELECTRIC AND Mrc. Co. 
East Pa. 
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A LABORATORY MUFFLE KILN! 


By L. M. Merritt 


ABSTRACT 
The general construction of a gas-fired muffle kiln is discussed and its chief advantage 
is given in that it has a single piece, easily replaceable muffle with high heat conductivity, 


Introduction 


Many types of laboratory kilns have been designed for various 
uses. The object in mind when designing this kiln was to have one 
that would be practical in an ordinary plant. In order that this might 
be attained the following considerations seemed most important. 

1, A kiln which would heat the same throughout the muffle. 

2. A kiln which would heat up quickly with a low fuel cost. 

3. A muffle in one piece. 

4. A muffle which could be made in any sagger room by the plant sagger makers. 

5. A muffle which could be changed easily without loss of time. 


It has been attempted to incorporate these into the design. 

Construction 
The accompanying sketches show the construction of the kiln. For 
cone 4 temperatures, a wall consisting of 44 inches fire brick, 43 inches 
insulation and 4 inches common brick has proved very satisfactory. 


+ 
4 
LDS 
Z | B 
VAN 
Section C-C 
Fic. 2. 


Section BB shows a vertical cross- 

section of the kiln; Section A the 

outlet gas flue and the regulating 

damper; Section CC the muffle sup- 

« "AA « «dotted » port and the horizontal flue leading 
Fic. 1. into the stack. 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Atlanta, Ga., 
Feb., 1926. Received January 8, 1926. 
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Gas is burned in either two or three burners dependent upon the 
temperature to be attained. For cones 2 to 4 two burners will bring the 
temperature in 24 hours. Above cone 4 three burners are required. 
A bed of alundum chips made from broken grinding wheels assists the 
burners in getting complete combustion in the base 
of the kiln. A stack 15 feet high and 10 inches in 
diameter furnishes sufficient draft. 

The combustion gas flow is around the entire 
muffle going up one side and down the other to | - 
a cross flue under the muffle. This cross flue +}-: 
leads into the stack and the draft is regulated by = 
a damper, made from an 18x 12x 23-inch fire slab. 

The muffle is made in one piece with one end closed as shown by 
the muffle detail. This piece was made over a form similar to a hand- 
made sagger form. The routine of the sagger maker was followed 
exactly, first batting out the base, side, and ends and then welding the 
parts together in the same manner as the sides and bottom of the 
sagger are stuck together. This was fired in a kiln in the same manner 
as green saggers. The muffle rests on a base which is corbelled out from 
the side and tied into both ends. The muffle extends into the doorway 
nine inches and stiff fire clay is packed between the brick wicket and 
the muffle. In mudding up the door I always build a double door, one 
in the muffle and the other outside in the wicket. Thus a double seal 
of furnace gases is obtained. 

The entire kiln is securely tied together by three sets of tie rods drawn 
tightly at the corners which are reinforced with 3x3x3?-inch angles. 


Advantages and Uses 

The muffle can be renewed easily when a crack appears by just 
breaking up the old muffle and taking it out in pieces. Then a new muffle 
can be slipped into place and a little mud packed in on the side to 
make it gas tight. This eliminates one of the big disadvantages of most 
of the other types of muffle kilns of the same size and capacity. 

Another advantage is the even heating of the muffle. Since the walls of 
the muffle are thin (about 1 inch) conductivity is high and the tempera- 
ture variation between the outside and the inside of the muffle is at a 
minimum. A carborundum muffle would have longer life and higher 
conductivity than a fireclay or sagger batch muffle. The combustion 
gases have a long travel, wrapping almost entirely around the muffle. 

It appears that many plants manufacturing clay products could use 
a small muffle kiln of this type to advantage for testing and checking 
batches and new raw materials. This is especially true in the terra 
cotta industry where nearly all of the products are fired in muffles. 
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Abrasives 


Wet sandstones are replaced. W.W.GREENWOOD. Abrasive Ind., 7 [3], 73 (1926). 
—G. points out the advantages to be gained from the use of artificial grinding wheels 
over natural stones. In general, artificial stones have many times the life of natural 
stones and are much less hazardous. C3. 


PATENT 
Abrasive article. DuANE E. Wesster. U. S. 1,576,122, March 9, 1926. An 
abrasive article having abrasive grains united by a ht.-set bond comprising a con- 
densation product of formaldehyde and phenol combined with plaster of Paris forming 
from 3 to 30% by wt. of the total mass. 


Art 


Notes on glass lusters. ANON. Glass Ind., 7 [2], 40(1926).—A description of the 
method for making the metallic resinates and recipes for their use in lusters. Most 
glass makers buy their supplies of resinates. F. G., J. 

A contribution to glass staining. ANON. Diamant, 47 [29], 609-13 (1925).—An 
extract from ‘‘The Handbook of Glass Staining’’ by J. L. Fischer is given to show the 
excellence of the mat. contd. in this important contribution to the lit. The extract 
deals with the teachings of Rugerus, one of the earliest masters of the art. E. J. V. 

Progress in glass etching. W.H. Diamant, 47 [29], 614-16(1925.)—Reports are 
made of various phases of glass etching using different kinds of solns. and etching 
agents. The compns. of different covering mediums and etching solns. as well as details 
of processes are given. BE. 3, V. 

Under-glass painting, an old domestic art. Dora ZANTNER-BuscH. Diamant, 
47 |30], 644-45 (1925).—The development and early history of the art of painting 
under glass is traced. The technique of this now forgotten art is discussed briefly. 
Some of the old masters are named and characs. of the work done in various localities 
are discussed. 5. ¥. 

Decalcomania, uses and possibilities. ANoNn. Manuf. in Canada, 1 [2], 24(1926). 
—A very short outline of the history of decalcomania together with directions for 
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obtaining best results in use thereof. Differences in mode of application in various 
countries are briefly discussed. mf 


Cement, Lime, and Plaster 


Automatic Mannstaedt vertical cement and lime burning kilns. CHARLES PFAHL. 
Rev. Mat. Constr. Trav. Pub., 194, 299-301, 332-36(1925).—Description with illus. 
of the Mannstaedt automatic kilns. Cement or limestone mixed with powdered fuel 
is fed into the kiln at the top and the chem. reactions allowed to occur in the hot zones. 
A number of new features are mentioned. ™ # 


Congress of Industrial Chemistry (Section of Lime and Cements). (Abstracts of 
papers presented at the Paris, France meeting, October 1925.) Rev. Mat. Constr. 
Trav. Pub., 196, 19-22 (1926).—‘‘Chalk Deposit of Longueil, and Description of Pro- 
posed Plant for Treating by the Wet Method”’ by Petroff. ‘‘Gaize Used as a Puzzuolanic 
Material,”’ by G. Baire. ‘Action of Sulphate Waters on Cements,’’ by Ernest Martin. 
A compd. 2AI,0; - 6CaO sol. in water is obtained from bauxitic cements. It ppts. 
sulphates of lime to give the compd. 2A1.0; - 6CaO - 5CaSO,, which is very aluminous 
holding the equivalent of 54H,O for dessicator dried mat. A compd. 2Fe2O; - 6CaO - 
2CO, - H:O is deposited when the compd. 2Fe,0; -6CaO comes in contact with car- 
bonic acid. It does not combine with calcium sulphate. Port. cements do not contain 
aluminates of lime but rather the silico-aluminates of lime, which are insol. in water 
and are able to combine with sulphate of lime to give equally insol. compds. The 
sol. aluminates of the bauxitic cements combine with calcium sulphate to give sulpho- 
aluminates. M. does not believe that the destruction of cement structures is due to 
the sulpho-aluminates but rather due to the sulphate compds. formed with the silico- 
aluminates, the combination being very voluminous. ‘‘Researches on the Opalization 
of Glasses,” by Granger and Babille. The principal opacifiers are first SnO2, TiO2, ZrO., 
then the sesquioxides As2O3, Sb2O;, the phosphates Ca3(POx4)2, followed by complex 
fluorides and fluosilicates as CaF2, Na;AlFs, NasSiFs. The main discussion centered 
on the action of the fluorides on the silicates and on the formation of SiF 4. ‘‘Determina- 
tion of Alumina in the Free State in Bauxites,’’ by Ernest Martin. The charge is heated 
with barium carbonate and sodium chloride, whereby the free alumina gives barium 
aluminate sol. in water, whereas the aluminum silicates do not produce sol. aluminates. 
“Volumetric Detn. of Titania in Bauxites (and Other Products),’’ by Ernest Martin. 
The method is based on the reduction of titanium salts by zinc, 2TiClk+H2=Ti.Cls 
+2HCI, and the subsequent oxidation by means of ferric chloride, TisCle+Fe2Cls 
=2TiCl4+2FeCls. The detns. are made in air free app., the excess ferric chloride 
being detd. by titration with stannous chloride, with an iodide soln. as indicator. 


L. N. 
Applications of electrical equipment to operations of a cement mill. R.H. ROGERs 
AND A. G. TURNBULL. Can. Chem. Met., 10 [2], 27 (1926). F. G. J. 


Revised British standard specifications for Portland cement. ANON. Can. Chem. 
Met., 10 [3], 50(1926).—Changes from 1920 revision are mainly: (1) The max. amt. of 
magnesia is raised from 3 to 4%. (2) The max. tensile strength of the neat cement at 
7 days after gaging is raised from 450 to 600 Ibs. The 28-day test is abolished. (3) The 
min. tensile strengths of the cement-sand briquets at 7 and 28 after gaging are in- 
creased to 325 and 350 Ibs. respectively. The character of the sand to be used is more 
closely specified than heretofore and a formula is given which must be employed for 
ascertaining the amt. of water to be used in gaging the briquets. (4) Changes have 
also been made with regard to the hydraulic modulus, fineness, and Le Chatelier 
tests. 
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Xylolith (Sorel cements). R. Grin. Hauptversamml. Ver. Deuts. Steinholzfabr., 
May, 1925; Chemistry and Ind., 45B, 90(1926).—Xylolith is a prepn. of magnesia 
cement and sawdust. The setting of Sorel (magnesia) cement is generally ascribed to 
the formation of magnesium oxychloride; G. shows that the amt. of MgCl, used is 
only a fraction of that required to form the oxychloride, and that setting will take place 
with salts other than chlorides or Mg salts. The setting is due to formation of colloidal 
Mg(OH)>s. The strength, vol.-changes, and adhesion, of xylolith varies with the grade 
of magnesite used. 3. 


Enamel 


History of porcelain enameling furnaces in this country. R A. WEAVER. Fuels 
and Fur., 4 {2], 220(1926).—The history of enameling furs. has followed the history of 
the porcelain enamel business. From the first the enameler has favored muffle type 
of fur., but it was difficult in the early days to get enduring muffles. The development 
of enameling furs. is closely connected with the design of the fork used and the type of 
mat. of which it was made. Most of the original furs. were fired with coal. Later oil 
and natural gas were used and recently elec. furs. have been operated with considerable 
success. Muffles made from new mats. produced by the enameling indus. in recent 
yrs. have aided the enameler in increasing his production and lowering his costs. With 
continued demand for increased production of a high quality product it is quite probable 
that many automatically controlled enameling furs. will be placed in opern. in the 
near future. R. M. K. 


Principles of enameling, X. Pickling of iron and steel. Homer F. STaLey. Ceramist, 
7 [5], 286-96 (1926).—‘‘Pickling” consists of treating the metal to be enameled with 
acids. Its object is to remove any oxide or slag scale adhering to the surface of the metal 
or imbedded in the metal with direct access from the surface. Recent invest. has pretty 
well established the fact that the principal action is due to the attack of the acid on the 
underlying metal. The metal is eaten away and the large vols. of hydrogen evolved 
loosen the scale from the surface. The scale which is but slightly, if at all, attacked 
falls to the bottom of the bath. The studies of J. T. Robson show that, as far as the speed 
of pickling is concerned, strong acids have an optimum concen. (20% for hydrochloric 
acid). S. gives an explanation for this based on the conception that when acids are 
present in soln. only a fractional part of the acid is active. The activity of a pickling 
bath increases with the temp. The iron salts formed during pickling decreases the ac- 
tivity of the bath. Since they are not present in sufficient concn. to ppt. on cooling, 
it is the usual practice to raise the temp. of the bath as the concn. of the iron salts 
increases, and finally to discard it when it is no longer sufficiently active at the highest 
working temp. With the same price for the 2 commercial acids, sulphuric and hydro- 
chloric, hydrochloric costs about 2.2 times as much as sulphuric for the same amt. 
of acid action. In addition to this, sulphuric acid is generally cheaper in large lots. 
When small amts. of pickling are to be done, other advantages in favor of hydrochloric 
acid offset the above disadvantages. S. compares the use of the two acids from the stand- 
point of pitting, obnoxious fumes, and rapidity of attack. There are decided practical 
advantages in the use of a mixt. of acids. The addn. of common salt to a sulphuric acid 
bath produces a decided accelerating action at all stages of the life of the bath. This 
method is worthy of a trial on a large scale. The compn. of niter cake, which is also used 
for pickling, averages about 35% sulphuric acid and 65% sodium sulphate. The acid 
is the active constituent, the sodium sulphate acting as a retarder. The use of colloidal 
agents or “inhibitors” decreases pitting and excessive soln. of the metal and en- 
ables the optimum conens. of acids to be used without making working conditions un- 
comfortable. If used in too large quantities the pickling opern. is slowed down. The 
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hydrogen absorbed by the metal during pickling causes blisters during the enameling 
process. S. recommends immersing the pickled ware in a boiling hot water washing 
bath to remove the hydrogen rather than preventing absorption by the use of dilute 
acids, thus slowing up pickling. Electrolytic pickling has attained little commercial 
importance. A. E. R. W. 


The enameling industry in the South. Emerson P. Poste. Ceramist, 7 [5], 329-34 
(1926).—The immediate past has witnessed a definite increase in the output of the 
southern enameling plants and expansions now under way point to a still greater pro- 
duction. P. describes the establishment and development of the enameling plants in 
Nashville and Chattanooga, and at Louisville, Ky. and Charleston W. Va. The plant 
of the Standard Sanitary Mfg. Co. at Louisville is enormous in extent, employing 
4500 men and producing 100 carloads of ware per week. P. describes the plants of the 
other important enameling companies of the South. A. E. R. W. 


Microscopic examination of opacifiers in enameled ware. ANON. Keram. Rund., 
34, 67—-70(1926).—The appearances of enamels under the microscope when opacified 


with fluorspar and cryolite are described. rm. G, 3. 
Opacifiers for enamels. ANON. Sprechsaal, 59, 78-80(1925).—Methods for 
opacifying enamels are reviewed. H. G. S. 


Porosity and corrosion. U. R. Evans. Chemistry and Ind., 45T, 37-44 (1926).— 
During recent years, metallurgists have come to the view that even apparently sound 
metals, cast and rolled sheet, are threaded by cavities. Tammann endeavored to measure 
the vol. of these cavities by filling them with dye soln. E. classifies corrosion, which 
covers ordinary pitting and also the internal attack which causes loss of strength 
within ware without producing conspicuous change on the surface, into 4 types: (1) 
regional, (2) point, (3) line, (4) edge-point. All 4 types may sometimes be seen on one 
specimen. Regional corrosion begins and continues over an area, advancing often along 
horizontal lines; the other 3 begin differently, according to their nomenclature, but 
develop into similar-looking lines or streamers. It is believed that the cause of cor- 
rosion is the cavities and capillaries in the metal. H. H..3. 


High-quality cast iron produced in an electric furnace. K. VON KeRPELY. Stahl 
u. Eisen, 45, 2004-08 (1925); Chemistry and Ind., 45B, 92(1926).—By treating cast 
iron in a Nathusius elec. fur. of 4~6 T capacity, cast iron with high C and P (C 3.0 
3.2%, P 0.8%) may be produced with as good mechanical properties as high-quality 
cast-iron of lower C and P made in a cupola. A special slag is used, which consists of 
crude lime, fluorspar, and powdered coke, and the casting temp. is 1500-1600°C. 
Owing to quick cooling, the graphite and phosphide eutectic are uniformly distributed 
in a fine network. Anal. and mech. properties are given of a large no. of heats made when 
feeding the elec. fur. by 3 cupolas which had been charged with low-grade scrap high 
in P, C, and Si. Equally good tensile properties were obtained as when pig iron was used. 
H. H. S. 
Change in volume of pig iron on melting. F. SAUERWALD AND J. WECKER. 
Z. Anorg. Chem., 149, 273-82 (1925); Chemistry and Ind.,45B, 131 (1926).—Gray pig iron 
contracts when it melts, white pig iron expands. The contraction is probably due to 
formation of carbide in the fused mass. H. H. S. 


BOOKS 


Acid-resisting metals. S. J. TUNGAy. London: E. Benn, Ltd., 1925. Price 6s. 
Includes high Si irons, stainless steel, Monel metal, cast-iron and steel, Pb, Al, Ni, 
Cr, Cu, alloys. H. H. S. 
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The physical chemistry of the steel-making processes. ANON. A general discussion 
held by the Faraday Society and the Iron and Steel Institute, June 1925. Pp. 127. 
London: The Faraday Society. Price 8s 6d. i. H: S. 


Glass 


The glass bottle industry and future developments. T. C. MoorsHEAD. Jour. 
Soc. Glass Tech., 9 {36}, 283-315 (1925).—M. reviews the developments which have led 
up to the position in which the glass bottle indus. finds itself today. A prediction is 
made as to what the course of future improvements will be. The lack of definite knowl- 
edge of the constitution and charac. of glass and means of controlling its manipulation 
with absolute certainty has to a large extent retarded the development of the mech. 
phases of the indus. The two outstanding inventions prior to 1900 were the Siemens 
reversible regenerative continuous tank fur. and the Ashley glass-blowing mach. 
Just about the year 1900 there were 2 very important developments, one of these being 
Brooke's idea of feeding a mach. with a stream of glass flowing by gravity from the 
fur., and the other, the application of the suction principle in feeding the mach. Brooke's 
flow principle developed very slowly. There were a great many engineers and practical 
glass men who held a firm belief in the economical possibilities of the gravity flow 
principle and continued exptg. with the result that slow but gradual improvement was 
made. Graham developed a commercially successful mach. embodying the gravity 
flow principle about 1915, and the Owens Bottle Machine Co. improved upon this 
mach. Further developments will very likely be made employing this principle. The 
suction principle which was developed by M. J. Owens, then of the Libbey Glass Co., 
U.S. A., has since been known as the Owens process, developed more rapidly than the 
gravity process, and in the matter of a few years, about 1903, was put in commercial 
opern. and was so successful that it practically revolutionized the indus. At the present 
stages of the glass bottle indus. we have 2 distinct automatic processes in successful 
opern., namely, the suction process, commonly known as the Owens, and the gravity 
flow process in which feeders, either working by gravity or mechanically, as in the case 
of the Hartford-Empire, are employed for delivering a predetd. gob of glass to the mach. 
In the Owens process, the tendency has been to build larger mach. units with the 
idea of mass production and to concentrate as much as possible in a single unit. In the 
gravity flow process, with the exception of new developments in the Graham machine 
the units have been very much smaller and a greater number of smaller mach. units per 
fur. The following are predicted as future developments: developments in the continu- 
ously rotating mach. thereby eliminating the difficulties inherent in the intermittent 
operg. mach. The extent of improvements will depend upon further research into the 
intricacies and vagaries of glass. In the suction process it is difficult to see where any 
great improvement can be made. The mach. development has been excellent. The tend- 
ency is to build larger units, the matter of labor saving being the controlling factor in 
design and development. The quality of the ware made from this process is supreme. 
Some possible economies in this process may result from the elimination of the 
revolving pot or auxillary fur. If the size of the Owens mach. can be increased to the 
point where one mach. can take care of one fur., then this revolving pot can be eliminated. 
The economy of the suction process lies in its mass production possibilities, and that it is 
not economically adaptable to smaller units. Great progress has been made in the 
development of leers. This progress will be much greater when more knowledge of the 
properties of glass is obtained. Important developments have been made in design of 
elec. leers but their opern. has been found to be too expensive except where cheap 
power is available. The development of the so-called heatless leer is outstanding and 
promises to be a great aid to the glass indus. as further developments are made. De- 
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velopments in glass fur. design have been very much neglected, only minor developments 
having been made. The Ferguson scheme for the manuf. of hollow glass is described, and 
is recommended for further study and development. M. emphasizes throughout the 
entire discourse the importance of further research and study in the science of glass tech. 
Specific suggestions along this line are the study of ternary, quaternary systems. It is 
also important that more knowledge should be obtained of the relation between the 
compn. of glasses and their ht. transmission at high temps., as well as the relation be- 
tween compn. and the tendency to devitrify. R. M. K. 
The year’s progress in the Department of Glass Technology, Sheffield. W. E.S. Tur- 
NER. Jour. Soc. Glass Tech., 9 (36), 372-83 (1926).—T. includes an open letter from glass 
manufacturers urging support of the Dept. of Glass Tech. at the Univ. of Sheffield, the 
9th annual rept. of the glass research delegacy for year ending July 31, 1925, the ed. 
work being done, a list of systematic researches and publications, a discussion of the 
work done by manufacturers, and a statement of the financial position. R. M. K. 


The influence of boric oxide on the properties of chemical and heat resisting glasses. 
Pt. I. The preparation and physical properties of the glasses. W. E. S. TURNER AND 
Francis Winks. Jour. Soc. Glass Tech., 9 [36], 389-405(1925).—The fact that boric 
oxide when added to glasses gives to them some very striking properties has long been 
known. It has also been known that the improvement of such properties is very approx. 
an additive function of the percentage of boric oxide added. It has been found that the 
general additive relationship holds good over a comparatively wide range, but there 
seems to be a max., which, if exceeded, will cause a given property to become less pro- 
nounced. T. and W. give results of a series of expts. designed to det. the effect of in- 
creased propns. of boric oxide to chem. glass in regard to its chem. and heat resisting 
qualities. A batch compn. corresponding to Kavalier glass was used; sand 1000, CaCO; 
205.4, K2CO; 136.6, KNO; 22.2, NasCO; 164.3, MnO, 2.0. A series of 14 glasses was 
made up by replacing silica with boric oxide up to as much as 40°%. It was found that a 
temp. of 1400° was needed to melt a glass contg. 0-7.9°% boric oxide. Summary and 
conclusions: (1) The substitution of boric oxide for silica results in glass batches which 
melt progressively more rapidly when a constant mtg. temp. of 1400° is maintained; 
whereas the glasses contg. 0-10% BO; required approx. 20 hrs. for mtg. and refining; 
those contg. 30% or more needed only 4 hrs. (2) Not advisable to employ a temp. be- 
low 1350° owing to the segration of boric oxide in the upper layer. (3) Corrosion of the 
fireclay pot used for mtg. increases with substitution of the silica for boric oxide. (4) The 
fluidity of the glass increases in a very marked degree with increase in the B,O; content 
as also does the rate of setting. (5) The substitution of silica by boric oxide results in an 
increase in the annealing temp. to a well-defined max. followed by a rapid decrease. (6) 
The density similarly rises to a well-defined max. of 2.529 at 13.8% B2Os3. (7) The coeff. of 
thermal expansion falls to a flattened min. of 694 x 10-8 at a concn. of 15°% B,Os. (8) The 
refractive index reaches a max. at about 26%. (9) The striking phenomena of max. and 
min. observed in the phys. properties of the boric oxide-contg. glasses of the simpler 
system contg. Na:O-B,0;-SiO; is closely repeated in the more complex system. The 
max. in the present observations on annealing temp., density, and refractive index, and 
the min. on the thermal expansion curve, all occur at about 1-4°% B2O; lower than in the 
simpler system contg. 20% B:O;, while in both series also, the max. refractive index 
curve is similarly displaced in comparison with the other properties. In the concluding 
remarks some theories are advanced to explain the remarkable effect of boric oxide in 
glasses. R. M. K. 


Multiple flame pot furnaces for melting glass. ANON. Fuels and Fur., 4 {2}, 188 
(1926).—This article is a description of a regenerative pot fur. for mtg. glass in which 
the flames come up through the slots in the hearth on one side and go down through cor- 
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responding slots on the other side. The pots stand between che slots. The htg. of the 
pots is very uniform because there is heat on each side of each pot and because 
each set of regenerators can be adjusted independently. R. M. K. 
Distribution of flame temperatures in glass furnaces. ANON. Fuels and Fur., 
4 {3}, 286(1926).—This is an abs. of an article translated from a recent number of 
Glastechnische. With a defciency of air, combustion is so slow that the flame reaches 
down into the regenerators. As a rule, combustion with the theoretical quantity of air 
results in incomplete combustion at the end of the fur. Gas anal. at the outlet port 
showed this. If 20-30% excess air is used there is unconsumed combustible in the outlet 
port. In the adjustment of the character of the flame the following 3 points must be 
considered (a) ht. economy, (5) mtg. and fur. opern., and (c) chemistry of glass making. 
The character of the flame necessary to secure each of these is discussed. R. M. K. 
Annealing glass bulbs in a gas furnace. F. A. Becker. Fuels and Fur., 4 (3), 
357(1926).—The fur. is about 16 ft. long and divided into a prehtg., a htg., and a cooling 
zone. The bulbs are placed in pans and stacked 4 high. The hearth is wide enough to 
accommodate 2 rows of pans. They are pushed through the oven with an hydraulic jack. 
A unique method of regulating the combustion of gas is described. The control of the 
fur. isentirely automatic. The cost for fuel for the fur. is only 31 cents per hr. R. M. K. 
New leer an advance in annealing. ANON. Ceram. Ind., 6 [3], 312-16(1926).- 
The Hartford leer is described. Better annealing with lower fuel and power consump- 
tion and lower cost of upkeep is claimed for these leers. mn. Bw. G, 
Use of manufactured city gas for making glass. M.R. Scott. Glass Ind., 7 [2], 
31(1926).—An account of the plant for optical and ophthalmic glass of the Bausch and 
Lomb Optical Co., Rochester, N. Y. The plant is adjacent to a city gas plant and 
receives gas direct through two 8 ft. mains. Htg. value and press. remain very constant. 
An account of the equipment is given. Advantages of using city gas are: (1) The gas 
comes in an excellent condition. It is not necessary to clean it. It is suitable for mtg. 
glass in open pots and annealing without the use of muffles. (2) Always assured of a 
good supply regardless of consumption rate. (3) Not necessary to invest money in gas 
producing and storage equipment and the difficulties of fuel supply and handling and 
storage of raw fuel are eliminated. (4) It is important to keep dust and smoke nuisance 


away from a plant working on high grade optical instruments. (5) The fur. temps. can 
be controlled within fairly narrow limits. (6) The utility company maintains engineers 
who are always ready to assist on combustion problems. Fr. Gs. 3 


Greater tank output without temperature increase. ANON. Glass Ind., 7 [2], 
34(1926).—Present tendencies in glass manuf. are toward high temps. (2550-2650°F). 
This causes short tank life. The advantages of stirring the charge are: (1) Batch piles 
would be broken up and the exposed surface would be increased. (2) Seeds would be 
eliminated and amt. of dissolved gas decreased. (3) High silica glass on the surface 
would be mixed in reducing chance for scum and cords. (4) Tank could probably be 
run at lower temp., increasing its life. (5) Large piles would be held back and broken up. 
A continuous tank stirrer patented by W. F. Brown is described and improvements in 
its design are suggested. 

New method of melting tank glass. ANoNn. Glass Ind., 7 {2], 35(1926).—Descrip- 
tion of the process of Alexander Ferguson presented before the Brit. Soc. of Glass 
Tech., May, 1923. F.%. 

Glass Division votes on sand specifications. ANON. Glass Ind., 7 |2], 37(1926).— 
Ballots for approval or disapproval of the tent. specifs. for sand drawn up by the Comm 
on Stand. of the Glass Div., AMERICAN CERAMIC Society. The specifs. are given. 
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Makes 265,000 electric light bulbs daily. F.A. Brecker. Glass Ind.,7 [2], 38(1926). 
—An illustrated article dealing chiefly with the annealing of small bulbs. The annealing 
fur., 16 ft. long, is heated by 2 systems, high and low press., developed by the Surface 
Combustion Co. Gas used costs but 31 cents an hr. The entire output is annealed here 
and the fur. capacity is not approached. F. G. T. 

Specifications and methods of testing. ANON. Glass Ind., 7 |2], 48 (1926).—Praise of 
the work of the Comm. on Stand. of the Glass Div. of the AMERICAN CERAMIC SOCIETY. 
Hopes for further similar work and for definite methods of chem. anal. F. G. J. 

Cutting expenses by installing new equipment. Scorr Davipson. Glass Ind., 7 {2}, 52 
(1926).—Description of the opern. and economies effected by a mech. gas producer. The 
total operg. expense is $36.93 a day or $1.03 per ton of glass. This includes depreciation, 
interest, and repairs. Av. is 1 T. of glass to ¢ T. of coal. Best record, 60 T. of raw mat. 
with 31 T. of coal in 24 hrs. Operg. costs of 3 hand-fired producers were $52.20 a day. 

F. G. J. 

Possibilities for the glass industry in the South. ANon. Glass Worker, 45 [19], 15 
(1926).—Reprint of the article by G. R. Shelton in Manufacturer's Record. F.G. J. 

Glass Division program arranged for American Ceramic Society Meeting. ANon. 
Glass Worker, 45 [19], 16(1926). P. G. §. 

Gages in tank furnace operation. E. P. ARtHUR. Glass Worker, 45 [21], 17 (1926).— 
Discussion of types of gages productive of more nearly perfect control and hence produc- 


tive of better general results. F. G. }. 
Wearing away of tank blocks. Dona_p W. Ross. Glass Worker, 45 [22], 17 (1926); 
Nat. Glass Budget, 41 [44], 3 (1926). G. 


A new glass melting pot that shortens the melting process. ANON. Glass Worker, 
45 [22], 23(1926).—The new glass mtg. pot invented and patented by H. Schnurpfeil, 
Carlsbad, Czechoslovakia is now in use in 103 glass factories. The charac. feature of the 
new crucible (reform-mtg. pot) is the slit or fire conduit passing through the pot. F.G. J. 
The new Hartford-Empire leer. CLEMENT SmitH. Glass Worker, 45 |23], 15 (1926); 
Nat. Glass Budget, 41 [45], 3(1925). Reprinted from Glass.—The theory of annealing has 
been thoroughly studied and the principles thus established are applied in this leer. The 
fuel requirement is very small. Both above and below the ware are chambers of moving 
gas with temp. carefully controlled. These chambers are under reduced press., ensuring 
the absence of combustion gases in the ware compartment. The ware is carried on steel 
spirals. There is therefore almost point contact and never trouble with poorly annealed 
bottoms. Also very little bulk of carrier to take away heat. Ware can be annealed in 
from 20 to 120 mins. depending on its nature. Ps te. 5. 
Making glassware at McDonald Glass Works. J. M. HAMMER. Glass Worker, 45 |24], 
15 (1926).—The factory of Crescent Bottle Co., McDonald, Pa., formerly specializing in 
hand made bottles in the smaller sizes, has been taken over by McDonald Glass Works, 
Inc. The new company is now producing their blown stem ware, tumblers, and jugs. 
They plan to continue these lines. F. G. J 
American Ceramic Society meets. ANON. Pottery, Giass and Brass Salesman, 33 |2}, 
13 (1926).—An advance notice of the Meeting and a iist of the papers presented to the 
Glass Div. 
The centenary of the Mullensiefen Brothers glass plant in Crengeldanz-Witten. 
Anon. Diamant, 47 [29], 618-19 (1925).—A rept. of the program of the centennial cele- 
bration held at the plant, which has been controlled by this family ever since its founding 
in 1825. 5. 
The south German glass dealers association in Stuttgart. ANoN. Diamant, 47 |29), 
619-20 (1925).—A description of a new warehouse and salesroom erected by the glass 


dealers’ association in Stuttgart. 


{ 


148 CERAMIC ABSTRACTS 


German glassworkers protective union. ANON. Diamant, 47 [30], 633-35 (1925).— 
The demands of the striking glassworkers in Brandenburg are enumerated and discussed. 
The need for accession to these demands in order to keep up the competition in exports 
with Belgium and Czechoslovakia is stressed. B..5, ¥. 

Plate wire glass. K. ARBENZ. Diamant, 47 [30], 637-40 (1925).—The properties of 
wire glass as a fire retardant are discussed. Results of tests for comparing the refrac. and 
fire retardant properties of various brands of wire glass are given. The method of testing 
is given in detail. Lowering of insurance premiums by use of this kind of glass in metal 
frames is cited. E. J. V. 

Pressing in the glass industry. Orro W. PARKERT. Diamant, 47 [30], 643-44 (1925). 

The rapid strides being made in foreign glass indus. using the newer technique of 
pressing small glass articles are discussed. It is being used in the manuf. of glass knobs, 
disks, insulators, radio parts, etc. Some of the processes used are described and com- 
pared with those used in other countries. E. J. V. 

German Society of Glass Technology. ANon. Diamant, 47 |31], 661-62 (1925).—An 
outline of the program of the convention held in Berlin on Nov. 26 and 27, 1925. E. J. V. 

German Society of Glass Technology. ANoNn. Glas- Industrie, 34 [22], 2-3(1925).— 
A summary of the program of the convention of Nov. 26 and 27 at Berlin. Abstracts of 
the following papers presented are given: ‘“‘Glass as an Architectural Building Material,”’ 
Bruno Taut; ‘‘A Study of Strains in Glass,’’ F. Spate; ‘‘Dispersion of Light by Glasses 
and Its Measurement,’’ H. Schulz; ‘‘The Sensitiveness of Refractories used in the Glass 
Industry to Temperature,’’ K. Endell; ‘‘The High-Temperature Microscope and Its 
Significance to Technical Glass Research,’’ L. C. Glaser; ‘“‘Glass in Antiquity,’’ A. Schil- 
ler. E. J. V. 

The condition of the glass industry in Czecholovakia. ANON. Glas- Industrie, 34 {22}, 
7-8 (1925).—The status of various phases of the glass indus. is discussed. The move- 
ments to reduce the taxes, tariffs, and duties imposed on raw mats., fuels, refracs., and 


finished wares are mentioned. E. J. V. 
Progress in glass technology. ANON. Chem. Met. Eng., 33, 93-94 (1926).—A review 

of recent invest. at the Bur. of Stand. M. E. M. 
Phonolit in the glass industry. Scu. Sprechsaal, 59, 625—30(1925).—Greater use of 

phonolit in the glass indus. is recommended by a practical glass man. i. G.'S, 


Photomicrographic study of gas during passage of electricity through glass. J. B. 
FERGUSON AND O. W. Exttis. Trans. Roy. Soc. Can., 19 [3], 34(1925).—Gas bubbles 
form at the cathode with unannealed tubes, and with annealed tubes which have been 
wet with water and dried at room temp. On reversal of the current, the gas dis- 
appears, and reappears by passing the current in the original direction. The reappearance 
is accompanied by a brown color in the glass, which color may be made to come and go 
at will by changing the direction of the current. Its similarity is noted with the color 
that other experimenters have observed in studying the condy. of certain crystals. The 
photographs show that the color begins as minute circular spots with dark centers. It 
is unattacked by concd. HNO;. The discontinuous nature of the color, as well as the 
varied method of bubble formation, seem to indicate that glass does not behave 
upon electrolysis as a homogeneous medium. Campbell and New (Phil. Mag., 1924) have 
also suggested that glass surfaces are not uniformly active in respect to the disappearance 
of gas in an elec. discharge. fH. . 3. 

Expansion of glass: case of boric anhydride. M.SAmMsoEN. Compt. Rend., 181, 
354-56(1925); Chemistry and Ind., 44B, 849(1925).—The linear coeff. (*10™*) of 
BO; detd. by a Chevenard dilatometer was: at 100°, 14.50; 200°, 15.33; 250°, 178.90; by 
a mercury dilatometer: at 10°, 14.40; 100°, 14.50; 200°, 15.3; 245°, 19; 250°, 205; 
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330°, 210. A rougher test, that of detg. the contraction on rapidly chilling from 100° to 
250° gave an av. value of 200 x 10-, indicating that the higher value suddenly obtained 
between 240° and 250°, was maintained up to high temps. H. HS. 
Quartz ware: elimination of surface devirification. F.C. VitBRANDT. Ind. Eng. 
Chem., 17, 835-37 (1925); Chemistry and Ind., 44B, 849 (1925).—Surface devitrification 
of lab. ware is frequently caused by the deposition of ‘‘slag’’ particles. The phenomenon 
was investigated by repeatedly evapg. water, or incinerating wet filter paper, or quench- 
ing hot silica tubes in water. In each case devitrification occurred, was progressive, and 
eventually made the ware very fragile. The corroded surface can be removed by mo 
mentary immersion in H F contg. a little Hz SOy. The ware becomes clean and smooth, 
and its life is prolonged. H. H. S. 
The British glass industry. ANON. Chemistry and Ind., 45, 145(1926).—At a con- 
ference of the glass trade held in Birmingham, it was decided to promote a further appli- 
cation for Govt. protection of the indus. It was stated that out of a membership of 1600 
in the Natl. Union of Flint Glassmakers, only 352 were employed. fi. . 3. 
British glass. ALFRED Monp. The Times, Feb. 24, 1926; Chemistry and Ind., 
45, 145(1926).—British lab. glassware and porcelain are used exclusively at the 
Brunner Mond Co., and they are said to be not only entirely satisfactory, but superior 
to supplies from any foreign source. H. i. S. 
Fundamental law of annealing. F. W. Preston. Trans. Opt. Soc., 26, 270-73 
(1924-25); Chemistry and Ind., 45B, 89(1926).—Assuming that annealing is a function 
of stress (f) and viscosity (7), the formula is developed — = gf in which fo is the 
fo 
initial stress at {=0. This formula is identical with that obtained by expt. on glass by 
Adams and Williamson. If the modulus of rigidity (G) is included, we have; 


(2) 
—df “\G 


dt 


Elastic after-effect at different temperatures. H.KONiG. Physikal Z., 26, 797-811 
(1925); Chemistry and Ind., 45 B, 93 (1926).—Detns. by Bennewitz’s method were made 
of the rate of bending and recovery of thin rods of glass and various metals subjected to 
fixed loads at temps. 15°-360°. The loading curves approx. to the formula: y= yat", 
where a and ¢ are constants. Recovery curves as calcd. were flatter than those obtained 
by expt., the discrepancy being greater for glass than for metals. Variation of after- 
effect with temp. is greater for metals than for glass; it is especially large in the case of 
brass, the deformation of which in a given time-interval is 100 times as great at 300° as at 
16°. With glass, a notable decrease of deformability occurs in certain temp. ranges, 
although in others there is a marked increase. After-effect is greatly dependent on the 
pretreatment of the specimen. With glass, preheating generally decreases after-effect ; 
with Cu, there was a complex behavior due apparently to crystn. changes. H. H. S. 

Glass pump plungers lessen replacements. D.S. CHAMBERLAIN. Chem. Met. Eng., 
32, 818-19 (1925).—Glass offers certain advantages over porcelainfor pump plungers. It 
is resistant, very smooth, and very hard, costs less, can be blown in an iron-split mold to 
exact dimensions, and the coeff. of expansion is very close to that of steel and neat 
cement. Development by pump manuf. is needed. iC. A.) 

Electrically annealed glass superior. ANON. Elec. World, 87, 95(1926).—By a uni- 
form application of heat and a close control of temp., a continuous elec., glass annealing 
fur. has been perfected to yield a very satisfactory product. ic aa 


BOOK 


Die glasfabrikation. R. DRALLE, F. Eckert, G. Keprecer, etc. Vol. 1. Pp. ix+766. 
2nd ed. Miinich and Berlin: R. Oldenbourg, 1926. Price 64'm., bound. H. H. S. 
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PATENTS 


Glass machine. Peter P. Kucera. U.S. 1,574,903, March 2, 1926. In an automatic 
glass mach. the combination of pressing devices, a plurality of interacting controllers 
for controlling the opern. of said pressing devices, a timer for operg. said 

controllers, an automatic relief device operative on one of said controllers 

for relieving the press. on said devices when the press. has reached a pre- 

detd. limit, a tank of predetd. capacity to receive the relieved press. and 

to regulate the final press. and a regulating outlet valve on the tank. 


Drawing sheet glass. THomas C. McKINLeEy. U. S. 1,574,984, March 
2, 1926. A cooler for use in sheet glass drawing app. comprising a hollow 
casing having a plurality of compartments, means for passing air through 
the compartment closet to the sheet being drawn, and means for passing 
a cooling fluid through the remaining compartments. 


Drawing and flattening table for sheet glass. CLirrorp A. ROWLEY 
U.S. 1,575,006, March 2, 1926. A drawing and flattening table for sheet giass, com- 
prising an upper stationary table and a lower stationary table, the tables each having 


upper flat horizontal supporting 


surfaces, a series of flat sheet- 
supporting plates, and means 
for moving the plates succes- 
sively along the upper table 
beneath and with the glass sheet, 
and then returning them along the lower table, the sheet-supporting surfaces of the 
plates always remaining uppermost, and out of contact with the tables. 


Drawing and flattening table for sheet glass. CLIFFORD A. ROWLEY. 
U. S. 1,575,007, March 2, 1926. In a sheet glass drawing app., a sup- 
porting and flattening table for the moving sheet, formed of a plurality 
of closely positioned parallel rollers, the upper sheet-supporting sur- 
faces of the rollers all lying in the same plane, in combination with 
continuous means at the sides of the table for supporting and drawing longitudinally 
the edge portions of the sheet. 


Glass-delivering apparatus. Epwarp H. Lorenz. U.S. 1,575,370, March 2, 1926. 
A chute for delivering molten glass comprising a plurality of movable sections located 
in delivering continuity, a support common to said sections, means 
ye for moving said sections in unison upon said support and means for 
tat itt moving one of said sections vertically out ‘of delivering continuity 
oe. a with another section, independently of its movement on said support, 
va Apparatus for making glass and process therefor. Rospert R. 
Suive.y. U.S. 1,575,514, March 2, 1926. In the art of making glass, 
placing a mass of the raw mats. within a fur. chamber, said 
mass covering a minor portion of the chamber floor surface 
adjacent one end thereof, directing a htg. medium into 
enveloping contact with said mass to subject the surface 
thereof to the uniformly distributed ht. effect of said 
medium whereby the mass is fused with a progressive 
and uniform reduction in the bulk thereof, and directing ee 
the melt away from said mass as the latter is fused to an SSF 
outlet at the opposite end of the fur. chamber. 
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Apparatus for fabricating reenforced glass. WiLLiAM C. BuLL. U. S. 
1,575,969, March 9, 1926. In an app. of the class described, a casing, a 
multiple press device arranged within said casing and including a plurality 
of superposed press units, means for setting said units to the desired spacing, 
a flexible diaphragm carried by each unit, and means for simultaneously 
applying press. to each diaphragm. 

Machine for making glass containers. WARREN E. Giaspey. U. S. 1,576,114, 
March 9, 1926. Ina mach. of the character set forth, the combination with a recip- 
rocable press-plunger equipped with a pressing tool, of an independently movable 
cross head, a nut mounted thereon, an annular mandrel receiving said tool and having 
a threaded shank working through said nut and having a thread-equipped tip, gear 
mech. mounted on said cross head and adapted to rotate said mandrel, 
said gear mech. being equipped with means for limiting the number of rota- 
tions, a clutch associated with said gear mech., a driving shaft having 
splined connection with said clutch, and reversing gear mech. serving 
to actuate said shaft in either direction. 

Glass-working machine. 
Francis J. Rippi. U.S. 1,576- 
221, March 9, 1926. Ina mach. for shap- 
ing glass tubes, the combination of a 
carrier rotatable in a substantially vertical 
plane, a holder mounted thereon having 
a passage therethrough disposed so as to 
allow a glass tube to feed therethrough by 
gravity, and means for gripping said tube, 
means disposed in the path of travel of 
said holder whereby tubes may be fed to 
said holder, tube htg. and shaping means 
disposed in the path of travel of said 
holder, and means automatically brought 
into opern. for periodically opening said 
gripping means to discharge a tube and 
for subsequently causing said gripping means to close upon a fresh tube. In a mach. 
for flaring tubes, a carrier, a plurality of rotatable tube holders, means for simul- 
taneously rotating said tube holders, means for htg. the tubes and means for flaring 
said tubes while htg. 

Drawing glass sheets. Wittiam L. Monro. U. S. 1,576,446, March 9, 1926. 
App. for drawing sheet glass, comprising a bath from which a sheet of glass is drawn, 
a pair of bending roll portions engaging the edge portions only of a drawn 
sheet, the bending roll portions being a substantial distance above the ===> 
bath, and width maintaining means associated with each sheet edge ad- -*.—-« 


jacent the bath. 
Process and apparatus for annealing a continuously-formed glass sheet. WALTER 
G. Koupat. U.S. 1,576,516, March 16, 1926. Ina combination in a leer for annealing 
a continuously formed ribbon 


or sheet of glass comprising a 


tunnel leer chamber, means for 


| 2 | 

| supporting the glass sheet above 
the floor of the chamber and 


‘7 


carrying it through the cham- 
ber, and gas htg. means located 
in the leer chamber along its side walls below the level of the glass extending longi- 
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tudinally thereof and directed inwardly so that a greater amt. of heat from said means 
is applied to the side portions of the sheet than to the central portion. 

Process of making glassware. ENocH T. FERNGREN. U. S. 1,576,- 
733, March 16, 1926. The process of obtaining mold charges from 
a supply of molten glass comprising causing glass to issue con- 
tinuously from a discharge orifice in a stream of periodically in- 
creasing and decreasing velocity, shearing a mold charge from each 
portion discharged with increased velocity, and moving with the 
shear with the said charge during severance. 

Cutting apparatus. ENocu T. FERNGREN. U. S. 1,576,734, March 16, 
1926. In glass severing app. the combination of shears, means to move said 
shears horizontally for cutting, and means to tilt them during the cutting 
stroke in the same direction about a common horizontal axis perpendicular 
to their direction of cutting movement. ? 

Glass-forming apparatus and method of forming glass. ORIN 
A. Hanrorpb. U. S. 1,576,743, March 16, 1926. Glass blowing 
app. comprising means for oscillating a blank at an angle from 
the vertical and about its own axis, the oscillation of said blank 
being such that the sides will be alternately stretched and compressed. 

Apparatus for blowing glassware. Orin A. HANrorp. U. S. 1,576,744. March 16, 
1926. Means for introducing fluid to glass blanks comprising a pipe leading to the blank 
retaining head, a normally closed valve in said pipe, a nozzle 
structure through which fluid is adapted to flow continuously, 
means for moving said nozzle intermittently into position to sup- 
: ply fluid to said pipe and means for opening said valve prior to 
or at the instant of positioning of said nozzle. 

Tilting and centering table. RayMOND C. PENFIELD AND CLAupD E. 
FULLER. U.S. 1,576,992, March 16, 1926. An improved table for hack- 
ing machs. comprising a base, a track mounted thereon, a frame, a 
plurality of shafts mounted for rotation therein, wheels secured to said shafts and as- 
sociated with the tracks, aligned bearings mounted on the top of said platform, and a 
frame-work provided with a plurality of parallelly arranged troughs mounted for tilt - 
ing movement on said bearings. 

Method of and means for drawing glass cylinders. WILLIAM WestBurRyY. U. S. 
1,577,007, March 16, 1926. In a glass drawing app. a glass drawing pot, a rotary support 
for the pot extending on a line diametrically of the pot in one direction and on which the 
pot is adapted to be tilted in a direction at right angles to such diametrical 
line, said support being fulcrumed at one end, and means operative upon 
the opposite end of the support for swinging said support on its fulcrum 
and tilting the pot in a plane coinciding with the said diametrical line and 
at right angles to the direction of tilting motion first mentioned. In the art of drawing 
glass cylinders from a charge of glass in a pot, the method of correcting defective draws 
due to the lateral displacement of the cy!inder from the normal drawing zone, which 
consists in tilting the pot, while drawing, on either one or both of two axes, one lying 
in a plane diametrical of the pot and the other in a plane at right angle 
thereto. 

Glass-drawing apparatus. WiuLtiAM WestBury. U. S. 1,577,008, 
March 16, 1926. A drawing pot structure comprising a frame carrying a 
fixed pot clamping member and a removable pot clamping member, said 
members having flange engaging lips, a pot having a flange adapted to be engaged by 
said lips, and means for securing the removable pot clamping member in clamping 
position. 
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Glasses and enamels. GENERAL ELeEctTric Co., Ltp. Brit. 233,295, Oct. 14, 1924. 
The glasses and enamels described in Brit. 223,837 (C.A. 19, 1183) are made more 
resistant to chem. action by increasing the SiO, content. The B,O; content is decreased 
at the same time, to maintain the desired low m. p., and the alk. oxides are preferably 
replaced in part at least by other oxides such as those of Zn, Mg, Ca, Ba, or Li which 
reduce the coeff. of expansion. The products may comprise: PbO 1, ZnO (or Al,Os, 
CaO, MgO or BaO) 0.04-0.15, SiO, 0.3-0.6, LixO (or Na,O or K,O) 0.04-0.15, BasO; 
0.23-0.35, and coloring oxide 0-0.1 parts. Fluorides such as CaF, may be used for 
producing opaque enamels and refractory oxides and salts of metals may be added. 

(C. A.) 

Furnace for annealing glassware. P. Q. WiLLIAMs. Brit. 233,402, Feb. (4,) 1924. 

CA. 

Gas-fired recuperative glass furnace with two separate melting chambers in al- 

ternating use. O. E. W. Wip_uNpb. Swed. 59,562, Sept. 30, 1925. (C4) 


Heavy Clay Products 


New process of making hollow brick by the silico-lime method. N.C. Kyriacou. 
Rev. Mat. Constr. Trav. Pub., 196, 25-28(1926.)—Description of a plant at Salonica, 
Greece, using a schistose rock of chem. compn., SiO, 53.55%, AlsO; 11.05%, FeO; 
11.0%, CaO 5.0%, MgO 7.20%, SO; 5.20%, moisture 0.25%, ign. loss 7.0%. Lab. 
tests give the following compression strength values for additions of lime, 3% CaO 
130 kg. per sq. cm., 5% 190, 7% 215, 10% 230. In the mfg. process 75% finely di- 
vided rock and 25% CaO are mixed in a hermetically sealed drum. Then sufficient 
water for slaking is added and the drum revolved for another half hour. During this 
opern., the lime is completely slaked with a press. development of 10 kg. which contributes 
to the formation of silicates and aluminates. This hydraulic mortar is emptied by gravity 
into a bin and then mixed with fine rock powder in a mill with the necessary water for 
working. The mixt. is ready for the presses. Several sketches of the plant are given. 

The determining factors of plant variety. T. W. Garve. Clay Worker, 85 {2I, 
113-14(1926).—G. discusses the variables to consider when bldg. a plant or changing 
raw mats., in order to approach a degree of standardization. The variables are clas- 
sified as follows: (1) Difference in clays, requiring different (@) machinery, () drier, 
(c) kilns, (d) layout. (2) Different capacities, affecting (a) size, number, and arrange- 
ment of machinery, (}) size and type of drier, (c) size and type of kilns, (d) waste heat 
system, (e) buildings. (3) Site of plant, affecting (a) grades and bldg. levels, (>) kind 
and extent of conveying equipment, (c) type of kilns and height of stacks, (d) yard 
arrangement. (4) Location of plant, affecting (a) clay storage, (>) bldg. mats., (c) fur. 
design through fuel, (d) yard arrangement. (5) Demands made by the owners, (a) 
limiting money to be expended, (+) requesting restrictions or making requirements for 
certain equipment. Each of these factors is fully discussed. R. E. G. 

When smoke saves you money. ANon. Brick and Clay Rec., 68 {4], 272-74 (1926). 

A Robinson portable kiln accelerator fan, attached by means of metal flues and a goose 
neck to the main flue of the kiln, for use during the water-smoking and prehtg. period, 
has been found to cut the firing time 2 days and to reduce the fuel consumed, at the 
Coral Ridge (Ky.) Clay Products Co.’s plant. A novel system of drying is also de- 
scribed. 

Building a good delivery system. ANoNn. Brick and Clay Rec., 68 [4], 278-82 (1926). 
An illustrated description of the W. G. Bush & Co.’s plant at Nashville, Tenn. Fontaine 
removable bodies are used on the trucks. While one load of brick is being delivered 
another body is being loaded. Many other novel features, which help cut costs, are in 
use at this plant. R. E. G. 

The Heath Cube, an all-purpose tile. ANon. Brick and Clay Rec., 68 (4), 303- 
305 (1926).—A description of the development and use of the Heath Cube. This is an 
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especially designed hollow tile. Claims made for the Heath Cube are as follows: (1) 
Simplifies mfg. processes. (2) Two shapes only, cubes (8 x 8 x 8), half-cubes (4 x 8 
x 8). (3) Eliminates use of special shapes in paint, pier, pilaster, corner, etc., 
construction. (4) Minimizes cutting pieces to fit in wall. (5) Liked by contractors and 
bricklayers because of size and simplicity. .(6) Constant and fixed wet alignment of 
shells when laid up is universally secured, thus eliminating all shear stresses. (7) Bonds 
every 6th course in veneer construction. (8) Interchangeable with face or common 
brick. (9) Equivalent to 6 brick laid up in mortar. Width is 2-brick width plus mortar 
joint. Weighs 18 Ibs. (10) Requires 1 yd. mortar per M cubes. (11) 167 cubes (equiv- 
alent 1,000 brick) require } yd. mortar. Are being laid at av. rate of 500 per day per 
bricklayer GG. 
Path is clear for hollow tile. ANoNn. Brick and Clay Rec., 68 371-75 (1926). 
The article is an account of the Hollow Tile Manufacturers’ annual convention at 
Chicago. R. E. G. 
Klinker and its manufacture. V. FIKENTSCHER. Tonind. Ztg., 50, 117-19(1926). 
The manuf. of Klinker in Germany is described. Klinker is a name given to certain 
vitreous clay products used chiefly for bldg. purposes and usually having a salt glaze. 
Brick works as sellers of power. ANON. Master Builder, 765, 63 ( 1926). 
Steam and power are closely related. A plant using both may combine uses and find 


it more economical to sell or to use in some other way the excess. pe ey 
Manufacture of sewer pipe in Canada. C. A. Mimttar. Can. Chem. Met., 10 {3}, 
55 (1926).—Reprinted from Jour. Amer. Ceram. Soc., 8 [7], 452-57 (1925). ae F 


Annual meeting Clay Products Association. ANON. Manuf. in Canada, 1 [2], 
36(1926).—A short rept. of the 24th annual convention of the Canadian Nat. Clay 
Products Assn. held at Toronto on Jan. 26 and 27, 1926. Papers read are listed and 
newly elected officers are named. ¥. 

PATENTS 

Pipe-forming machine. Wu LLIAM C. Austin. U. S. 1,576,127 
March 9, 1926. In a pipe forming mach., a mold having a bell end, a 
pallet held stationary in the bell end, means for effecting a packing 
opern. of the mold with relation to the pallet, and a former operg. 
within the mold to complete the body of the pipe. 

Ceramic material. Ray T. Strutt. U. S. 1,576,558, March 16,1926. As a 
compn. of matter, a synthetic clay suitable for making light-colored brick composed of 
a mixt. of natural highly colloidal secondary kaolin deficient in alkali and alkaline 


earth fluxes, with a pegmatite. 

Method and apparatus for making extruded clay articles. FirtTH ai 
MarRDsEN. U. S. 1,577,336, March 16, 1926. A mach. for forming &apettt, 
extruded clay articles which consists of an outer die and inner die and i 


fey 
means for forcing clay between said dies and for revolving said inner 
die, said inner die being provided with a plurality of helicoidal spirals and with a 
central axial recess in the discharge end thereof for the purpose described. 
Grasping device for loading or piling bricks or the like. Cart FRANZ NEUMAN 
U. S. 1,577,347, March 16, 1926. A gripping device for loading 
piles of bricks and having tongue-like gripping elements, com- 
prising oppositely arranged bell crank levers with vertically posi- 
tioned arms, beams mounted on the lower ends of the vertical 


} arms of the bell crank levers for gripping the bottom layer of a 

} pile of brick from opposite sides, and rods connecting the vertical 
+44 lp arm of each bell crank lever with the horizontal arm of the other 
bell crank lever. 
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Refractories 


Some properties of sillimanite bricks and kaolin-sillimanite mixtures. H. S. 
HouLtpswortH. Jour. Soc. Glass Tech., 9 [36], 316—-22(1925).—Since the increase in 
the temp. opern. of many indus. processes has developed a need for refrac. mats. of 
a higher grade than those in common use, and since sillimanite gives promise in this 
direction it was detd. to make a study of this mat. The work previously done by the 
author in which sillimanite-ball clay mixts. were studied has been simulated in this 
study by the use of kaolin instead of ball clay as a bonding mat. The addition of silli- 
manite to kaolin reduced considerably the shrinkage on drying and firing at cone 14. 
The addition of sillimanite to kaolin or fire clay increases the porosity of the mixt. 
after firing. The open structure of these bodies may possibly result in increased slag 
penetration if exposed to attack by such substances. The refractoriness of the mixts. 
was greater than that of cone 35, the m. p. of the sillimanite used being greater than 
cone 37. The expansion curves for mixts. containing various amts. of sillimaniteand kaolin 
are practically identical and the extension was regular. Kaolin was found to be very resis- 
tant toattack by soda-lime glass, very much more so than kaolin-sillimanite mixts. contg. 
less than 60°% sillimanite. The kaolin-sillimanite mixts. are more resistant to the 
glass than are fireclay-sillimanite mixts. The commercial sillimanite brick examd. 
were very resistant to glass. The porosity of the brick was 31.2%; its true and apparent 
sp. gr. 3.18 and 2.19 resp., and its fusion point was greater than that of cone 37. The 
mean contraction at cone 14 was .12°%% and at cone 18 .13%%. The reversible thermal 
expansion was regular and was about 0.45%. They had high resist. to action of glass. 

R. M. K. 

Commercial sillimanite as a refractory material in glass making. Pt. I. The choice 
of bonding material and of grain size. ARNOLD CoUSEN AND W. E. S. Turner. Jour. 
Soc. Glass Tech., 9 [36], 334-46(1925.)—The development of the glass indus. depends 
upon the use of a fur. construction mat. of superior refractoriness and resist. to cor- 
rosion than is at present available. From the manufacturer’s point of view there are 
3 aspects of the problem, viz., (1) the desire of the manufacturer to produce harder 
glasses in the sense of being more thermally and chem. resistant which means that 
higher mtg. temps. must be employed especially as the silica content is raised; (2) there 
is the attack of the more corrosive mats. to be met, such as boric oxide; (3) there is the 
case where a better refrac. mat. is needed merely to increase production. The most 
promising mat. for this need which has recently been given attention seems to be silli- 
manite, which is known to produce mullite when heated to high temps. The discovery 
of large deposits of sillimanite in India and the encouraging nature of recent research 
work done in their labs. induced the authors to carry on investigations on a much 
larger scale. Preliminary expts. indicated that first efforts should be to make a more 
thorough study of the various bonding mats. used in varying amts. and of the general 
effect of the size of the sillimanite grains on the texture and other properties of test 
pieces. The mat. used was a very pure sillimanite which had been heated to 1500°C. 
Microscopic examns. revealed the fact that this mat. was a mixt. of sillimanite, mullite, 
and silica, the propns. of the constituents being dependent on time and temp. of the 
initial htg. Ball clay, Stourbridge clay and bentonite were used as binders. Ball clay 
was found to be the best. Although bentonite gives a more plastic mixt. it gives test 
pieces of relatively high porosity and having a much greater drying shrinkage. Stour- 
bridge fireclay mixts. gave pieces which were entirely too high in porosity. It is desir 
able to keep the porosity of a glass tank refrac. below 28°). A mixt. of 30% ball clay 
with 70% “‘fine’”’ sillimanite was found to be the best mixt. in regard to porosity 
Ibid. Pt. II. The porosity, density, and mechanical strength of sillimanite-ball 
clay mixtures. Pp. 347—56.—In the previous study, in which’ballclay-sillimanite mixts. 
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were found to have considerable merit, properties ‘such as plasticity and porosity 
were shown to depend on grain size of the sillimanite. The results of this study indicated 
that it would be desirable to make a more detailed study of the ballclay-sillimanite 
mixt. so as to det. more precisely the changes in shrinkage, porosity and mech. strength 
at intervals over a wide range of temp. Mixts. richer in ball clay were also included in 
this later invest. Two different grain sizes were used. These were known as Medium B 
(73% 30-70-mesh, 22% 70-100 and 5% 100-120) and Fine B (8% 120-150-mesh, 
26% 150-200, and 66% through 200). The anal. of the ball clay used is given. Bars 
44 x 1} x 3°, were made from both sizes of sillimanite using 15, 30, and 40 parts per 100 
parts of sillimanite. These bars were dried and fired to 100°, 800°, 900°, 1000°, 1100°, 
1200°, 1300°, 1400°, 1480°C until constant shrinkage was obtained. Shrinkage and 
mech. strength tests were made on all mixts. and porosity tests made on all samples 
fired to 800° and higher. The results of these tests show the advantages of the fine 
mat. for prepg. refrac. articles both in regard to denseness of structure after firing 
and mech. strength. With amts. of ball clay increasing from 15 to 40 parts per 100 
parts of sillimanite, the shrinkage and mech. strength increased continuously as the 
temp. was raised between 100° and 1400° while the porosity decreased. In the case of 
fine sillimanite mixts., 2 zones of change are evident, one between 800°C and 1100°C 
and the other above. The former coincides with the range in which ball clay shows 
its most rapid shrinkage; the latter corresponds to the range in which ball clay 
and any residual sillimanite are probably being converted to mullite. The best 
mixt. for requirements of low porosity, low shrinkage, and satisfactory mech. 
strength consists of much fine sillimanite and 30-40 parts of ball clay per 100 parts of 
commercial sillimanite. Firing temp. should be at least 1300°C, and preferably 1400°C. 
Ibid. Pt. III. Resistance to corrosion by glass. ARNOLD COUSEN, S. ENGLISH AND 
W. E. S. Turner. Pp. 357-69.—From the viewpoint of the glass manufacturer the 
resist. to corrosion of glass pots and tank blocks are the most important factors. Con- 
sequently tests on both small and large glass pots were made on continuous running 
conditions. Tests on pots are more satisfactory on a small scale than on tank blocks 
and the results can be more correctly interpreted according to the authors. In the 
expts. with small pots both a soda-lime silica and a potash-lead oxide silica glass were 
used. The temp. of mtg. was 1400°C and the pots were maintained at this temp. for 
2 hrs. before charging the bath. The mtg. and fining operns. occupied 2} hrs. In the 
use of the lead glass the temp. of mtg. was 1350°C and the total mtg. and firing time 
was 33 hrs. The general statement is made that these tests do not by any means com- 
pletely solve the problem of the use of sillimanite mat. as a refrac. mat. However, 
the tests were conclusive enough to warrant the manufacturer in carrying forward the 
tests on a commercial scale. As compared with fire clay, sillimanite has the following 
disadvantages: (1) non-plasticity and therefore greater difficulty in working; (2) 
greater density and in consequence blocks used in fur. construction should either be 
of reduced thickness or the portions of the fur. which carry the wt. must be strength- 
ened; (3) the rather higher temp. needed to remove the friability and the general 
higher temp. desirable to produce sound and mechanically strong refrac. articles than 
needed with fire clay. These disadvantages are not serious. The cost is probably the 
greatest handicap. The advantages of ballclay-sillimanite mixts. are: (1) smaller dry- 
ing and firing shrinkages; (2) considerably greater refractoriness and the absence of 
any tendency to squat when mtg. glass at 1500°C; (3) capacity to withstand distinctly 
more rapid temp. change than prepd. fire clay; (4) smaller iron oxide content of the glass 
melted in pots of mat. R. M. K. 


Some notes on the use of sillimanite in glass furnace practice. F. G. CLARK AND 
W. J. Rees. Jour. Soc. Glass Tech., 9 (36), 383-88 (1925).—The expts. made were based 
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on observations that the formation of a skin of crystd. aluminum silicate (mullite or 
sillimanite) on a fireclay pot or block considerably retards the wear of the surface in 
contact with the molten glass. These expts. were in 3 directions, viz., the use of alumi- 
nous clays, the lining of the pots and blocks with a mixt. of pot clay with a propn. of 
some alkali-bearing mineral as feldspar. The use of fire clay, kaolin and feldspar mixts. 
on hard firing gave a body of porcelainic character. No one of these 3 methods 
met the needs of the modern glass manufacturer. Small pots made from synthetic 
sillimanite were made up and found to be more resistant to corrosion than the pots 
made from the aluminous or siliceous fire clays. It was found best to use 25% of a ball 
clay fora bond. The cost of a pot made from a sillimanite-ballclay mixt. was approx. 
3 times that of a pot clay. Test made using mixed ball clay and bauxite as a bond for 
sillimanite mixts. indicated that such a bond with high temp. firing is more homo- 
geneous than the ballclay bond alone, and its mech. strength at high temps. should 
also be superior. Expts. with some sillimanite bricks using 5-15% ball clay as bond and 
fired to cone 17 showed that these bricks were much more resistant to corrosion than 
were fireclay bricks. C. and R. conclude that the natural sillimanite tested is a 
most suitable mat. to use in the hottest part of the furs. whether in contact or out of 
contact with the glass. R. M. K. 


Importance of refractory tests. M. C. Booze. Fuels and Fur., 4 [3], 281-85 (1926).— 
For the first part of this article see Ceram. Abs., 5 [4], 124(1926). Chem. anal. and 
s. p. were discussed in the previous article, the load and spalling tests are described 
here, and the discussion of the other tests is to be given later. The load test has been 
more widely used with the exception of the s. p. test. The stand. load test is described. 
This test does not give as widely applicable results as is claimed. Expts. have shown 
that the coarseness of grind and the hardness of firing are of such importance in af- 
fecting the amt. of deformation that they may overshadow considerable difference of 
opinion. Careful consideration of all factors involved should be given in writing specif. 
The stand. load test is only applicable for the selection of refracs. where high temps. 
prevail to a considerable depth in the wall. Spalling is one of the two most general causes 
of the failure of refracs. This term according to general usage implies breakage due to 
temp. changes or abrupt temp. differences. Such a breakage may not result from the 
same agencies and may not be called spalling. Factors affecting spalling are, open joints 
and cracks, advanced vitrification and the penetration of pores by slags. The basic 
factors involved in spalling are, thermal expansion, diffusivity, and elasticity. The 
stand. method of conducting the spalling test is described. Some objections to these 
tests are discussed. R. M. K. 


Refractory brick specifications for the French Navy. Aix CorNILLE. Rev. Mat. 
Constr. Trav. Pub., 194, 241-44B (1925).—Criticism of Pamphlet No. 98 which gives 
the properties and tests for refrac. brick to be used in oil-burning torpedoes or torpedo- 
destroyers. Bodin among others criticized the specif., maintaining that they were ex- 
tremely severe and not justified by the actual conditions of use. The marine service 
acknowledged this criticism by making a modification of the specif. known as ‘‘addi- 
tion 2,” which in particular increases the tolerances for the shrinkage of the specimens 
fired to 1700°C. Prisms cut from a brick are made 50 x 50 mm (rectangular base) 
and 100 mm high and are fired in a Meker fur. to 1700° in 4 periods of 8 hrs. each. 
At the end of each period of firing the specimens are allowed to cool in the fur. and 
examined before the next firing. In ‘‘addition 2’’ the temp. for each firing is indicated 
as being between 1650° (cone 29), and 1750° (cone 34), with cone 32 (1710°) bent over. 
After each firing the dimensions of the 4 sides of the base are measured, as well as the 
4 inclined edges and the height to ;45 mm. At the end of the series the specimens are 
broken to det. whether internal cracks have developed. The av. of the shrinkage meas- 


4 


158 CERAMIC ABSTRACTS 


ured on the 3 dimensions should not exceed 2°%, the max. on any one meas., not to be 
more than 3% (the original specif. calling for an av. of 1% and a max. shrinkage of 
1.5%). C. makes the point that superrefracs. contg. high alumina content (42%) 
are rejected by the specifs. because in an actual test 3 out of 5 specimens gave an av. 
swelling of 1.05-1.40%, and an av. shrinkage in the 4th case of 0.32%. Even when 
heated to cone 32 down these specimens showed no tendency to vitrify. He further 
maintains that an actual fusion test of a cone of the mat. under rigid conditions should 
be required, with cone 33 or 34 as the min. It is also advocated that the requirements 
exclude silica brick by demanding that the compn. limits be made: SiOz, max. 60%, 
Al,O;, min. 35%. He suggests that the av. shrinkage should not be greater than 1.5% 
with max. shrinkage on any one dimension of 2.0%, except for the height. A swelling 
of the same order of magnitude should be tolerated with the added stipulation that it 
be common to all the edges of the prism. The specif. ought to state expressly that the 
superrefracs. should be made of chamotte and raw clay. hos 
Use of plastic refractories in boiler furnaces. HuGH E. WEIGHTMAN. Power, 63 
[3], 90(1926).—Methods are given of the use of plastic refrac. in the construction of 
walls and arches. The necessity of rigid foundation is emphasized. Instructions for the 
initial firing and water-smoking periods are given. A few of the phys. charac. of 
plastic refrac. are given together with cost considerations. ©. 9a. 
Refractories service conditions in boiler furnaces. RALPH A. SHERMAN. Power, 63 
[3], 113 (1926).—The article contains results of an invest. to lower the cost of boiler-fur. 
maintenance. Curves and illustrations are given showing the temp. within and the effect 
of slag on the walls. The conclusions are: (1) A brick may radically change its charac. 
under severe conditions. (2) Fur. temps. cannot be calcd., but must be detd. experi- 
mentally. (3) The compn. of the slags may be different from that of the coal ash. 
(4) A limited area of ht.-absorbing surface will not necessarily lessen the severity of 
action in all other parts of the fur. (5) Refracs. do not fail by fusion. a 8 
The production of artificial sillimanite for refractories. C. E. Sims. Corriere dei 
Ceramisti, 6, 173 (1925); Keramos, 5, 28(1926).—Sillimanite was produced in elec. furs. 
employing water-cooled graphite electrodes. Two types of sillimanite were produced. 
One type was glassy and had a shell-like fracture while the other type was stonelike 
and appeared to be microcrystal. The latter type is the most suitable for high temp. 
refracs. The chem. compn. of this product is 3Al,03.2SiO2. The worst impurity is CaO 
since more than 1.4% of this impurity will greatly reduce the m. p. of this refrac. 
H. G. S. 
Articles of fused magnesia. J. BRONN. Chem. Zitg., 49, 1053-56(1925); Chemistry 
and Ind., 45B, 127 (1926).—Crucibles of fused MgO of sp. gr. 3.56 and m. p. 2800°C, 
are now being made in various sizes. They are more sensitive to abrupt changes of 
temp. than quartz crucibles, and they tend to contract slightly when htd. In contact 
with C at 2000°, there is a reducing and volatilizing effect, and it is therefore necessary 
to pack an intervening space with powdered MgO. The crucibles also have a great 
affinity for S. H.-H. S. 
Comparative qualities of American and German fireclay brick. ANON. Glass 
Worker, 45 [23], 25 (1926).—Reprinted from Tech. News Bull., 106, Bur. of Stand. Ina 
coéperative invest. by Endell and Steger of the Technische Hochschule, Berlin, 
Ger., and the Bur. of Stand., the charac. of fire brick manufactured in this country and 
in central Europe are being compared. Preliminary results are somewhat in favor of 
Amer. brick. G. 
Thick walls spoil bricks. ANON. Master Builder, 765, 64 41926.)—Fur. walls 
should not be built too thick or the heat cannot radiate and the bricks will melt. Wall 
insulation is often impractical. Air or water cooling may have to be resorted to. 


F.G. J. 
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Aluminum and bauxite. R. J. ANDERSON. Mineral Ind., 33, 11-50(1924).— 
World production and consumption of aluminum were close to the highest levels so far 
attained. Considerable work is being done on methods for prepg. alumina from clays 
and low grade bauxites. A summary of these methods is given. British and Dutch 
Guiana may become the world’s largest producers of high grade bauxite. The manuf. of 
high alumina cement in this country has been started by the Atlas Lumnite Cement Co. 
French production of these cements is approx. 500,000 bbls. per annum. A summary of 
recent investigations of this type of cement is included. High alumina refracs. are 
coming into more general use with the introduction of diaspore brick and sillimanite in 
refrac. bodies. Diaspore brick are being used extensively for lining Port. cement kilns 
and fire boxes for boilers. A short description is given of the results of recent investiga- 
tions of mullite, sillimanite, and other alumina silicates. T. N. McV. 

Magnesite. W.E. Dornpacu. Mineral Ind., 33, 460-69 (1924).—Searle classifies 
magnesite into 4 groups: ‘‘(a) Mangesite spar, which has a cryst. structure and exhibits 
no particular cleavage. (b) Crypto-cryst. magnesite which is more compact and solid 
is microscopically cryst. (c) Hydromagnesite which is a soft rock and easily crumbles 
to powder. (d) Breunnerite or gioberite, which contains up to 30% iron carbonate.” 
Magnesite spar is very important commercially and finds its principal use in the manuf. 
of refrac. ware. The most valuable deposit in this country is in Stevens county, Wash. 
Crypto-cryst. magnesite is found in the greatest quantity in this country in Calif. It is 
usually very pure and is used in the drug, chem., and plastic magnesite trade. It is 
generally too pure to be used alone for the manuf. of refracs. Hydromagnesite is some- 
times of great purity. It is also found in Calif. Breunnerite is cryst., but is not valuable 
when the iron content exceeds 8%. The most famous deposits are in Styria (Austria) 
and Czechoslovakia. These magnesites are especially adapted to the manuf. of fur. 
grains and magnesite brick. Dead-burned magnesite is the principal product. The 
minimum temp. of calcination required is 1400°C for the impure and 1790°C for the 
pure magnesite. T. N. McV. 

Life of blast furnace linings. M.C. Boozer. Jron Age, 116, 1446(1925).—Changes 
in operg. conditions such as the liberal use of cooling plates generally lengthen the 
service of silica brick and other refracs. for blast furs. and coke ovens. Red or brownish 
spots in silica bricks may be fired out under proper atm. conditions. (C. A.) 

PATENTS 

Refractory brick for furnace linings. Otro ArAm. U. S. 1,576,021, March 9, 1926. 
The method of lengthening the life of refrac. linings of high temp. furs. which comprises 
applying to exposed surfaces of the refrac. lining a superficial coating consisting largely 
of metallic aluminum. 

Refractory cement composition. WiLLiAm F. Rocnow. U. S. 1,576,550, March 16, 
1926. A dry powdered refrac. cement compn. consisting of silica, fire clay, calcined 
silica, and from 5 to 20% of sodium silicate. 

Process of making graphite. Victor M. WeEAveR. U. S. 1,576,883. 
March 16, 1926. The process of making graphite which consists in 
htg. lime and cabonaceous mat. in a suitable fur. whereby a fluid carbide 
is formed continuing the htg. until the carbonaceous 
mat. has been transformed into graphite and the calcium 


volatilized. 

Refractory article and process of making the same. 
ARTHUR J. JACKMAN. U. S. 1,577,124, March 16, 1926. As 
a new article of manuf., a refrac. article consisting principally 
of graphite and a vitrifiable ceram. bond, and fired prior to use 
to a temp. above the vitrification point of the bonding mat. 
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White Wares 


Fifty years progress in the pottery and glass trades.-II. ANON. Pottery Gaz. and 
Glass Trade Rev., 51 [584], 272-73 (1926).—The second part of an article describing the 
pottery and glass industries of England, of the past 50 years. R. E. G. 

Bacteria in whiteware bodies. A. ScHosiick. Keram. Rund., 33, 893(1925).— 
S. found two types of bacteria in whiteware bodies known as rod bacteria and Duplo- 
coccen. By inoculating the latter in a body he greatly improved the plasticity of the 
same. H. G. S. 

Technical questions of today.—II. K. FLreop. Keram. Rund., 34, 76(1926).— 
The question of producing vitreous sanitary ware is discussed especially from the 
cost standpoint. G. 5. 

Examples of ceramic calculations in practice. E. Bursz. Keram. Rund., 34, 
70-71 (1926).—B. discusses Berdel’s method of ceram. calcns. when applied to fine 
stoneware and floor tile in order to det. causes of defects in bodies and glazes. H. G. S. 

The manufacture of low tension electric insulators in Germany. H.LEwe. Keram. 
Rund., 34, 51-53 (1926). 

The formation of reddish yellow discolorations on porcelain in the muffle fire. 
W. Funk. Sprechsaal, 58, 620—23(1925).—Discolorations on porcelains may be 
caused by impurities from grinding, from flue ashes, and from the drying chambers. 

S, 

The durability of stoneware bodies. E. Buss. Sprechsaal, 58, 625-30(1925).- 
It was found that molding sandy clays by the semi-dry process greatly decreased their 
mech. strength. 3; 

Methods for determining the sintering and softening points of some ceramic bodies. 
T. Pozzi. Corriere dei Ceramisti, 6, 36-38(1925); Keramos, 5, 27(1926).—Simonis 
Sprechsaal, (1907) detd. fusibility indices for a number of kaolin-quartz-feldspar mixts., 


which are as follows: J =c—1—f+60 or [= a(t -c) —f+60 depending upon whether 


c is greater or less than ms c=weight of kaolin; g=wt. of quartz; and f=wt. of feld- 


spar. P. investigated a number of kaolin-quartz-feldspar mixts. and found a fairly close 
agreement between the calcd. index and the sintering and s. ps. of these. He thinks 
that they can also be used to approx. the sintering and s. ps. of clays. Below are given 
some of the results he obtained: 


Index Sintering Softening Index Sintering Softening 
point (cones) point (cones) point (cones) point (cones) 

17.5 — 14 44.6 11 19 
22.6 7 15 50.0 11-12 20 
28.0 8 16 57.6 12-13 26 
33.7 9 17 65.0 14-15 27 
39,2 10 18 72.0 16 28 

H. G. S. 


A brief history of English and American china. Lrs_ie Brown. Ceramist, 7 [5,| 
297-301 (1926).—B. outlines the early expts. and discoveries that led to the development 
of the different types of chinaware in Germany, England, France and the American 
Colonies. He then describes the development of the chinaware indus. in N. J. and espe- 
cially Trenton, and compares their products with the European ware. A. E. R. W. 


| 
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PATENTS 


Method and apparatus for cementing insulators. WittiAmM F. Harvey. U. S. 
1,574,883, March 2, 1926. The method of cementing together the 
parts of an insulator, consisting in subjecting the insulator to 
rapid vibration while the cement is poured therein. 

Molding machine. C.iirForp E. Mansir. U. S. 1,574,986, 
March 2, 1926. A device of the class described, comprising a 
hollow mold member, a plunger member, one of said members 
being movable relatively to the other, a top-forming member 
movable with said plunger, and a wiper element actuable to re- 
move the mat. extruded between the top-forming member and 
the mold, said wiper element comprising a block of soft mat. and means for clamping 
said block against the top-forming member. 


Mold for water-closet-bowl rims. ALFRED V. Lawron. U. S. 1,577,132, March 16, 
1926. A mold for casting water-closet-bowl rims, comprising superposed outer and 
_ intermediate sections, the intermediate section contacting with one of the 

-€ =>_+ outer sections including a plurality of members and being engaged with 
at said outer section by means permitting sepn. of said sections by lateral 

; movement of the members of the intermediate section, the other outer 
section being engaged with the contacting intermediate section by means permitting 


relative movement between said sections in a vertical direction only. 


Equipment and Apparatus 


Electrical dust precipitation in cement plants. C. Tsountas. Rev. Mat. Constr. 
Trav. Pub., 195, 330-32(1925).—Description of the Oski system in Switzerland 
whereby dust is passed through a chamber contg. electrodes, the positive electrode 
consisting of a framework of heavy metal wires and the negative electrode of a 
grounded semi-conducting plate of concrete. An intermittent shaking device re- 
moves the accumulated dust from the electrodes. 0.5 to 4 KVA constitute the usual 
power consumption. 

New polariscopes. H. R. Scuutz. Glas-Industrie, 34 [22], 5-6(1925).—Two 
new types of polariscope manufd. by C. P. Goerz, and the methods of using them are 
described. 

Problems in filtration and tube mill grinding. ANoNn. Chem. Age, 14 [344], 
48-49 (1926).— Exptl. results are analyzed to show that the rate of flow of filtrates 
through metal cloth is propl. to the sq. root of the press. and through textile cloth 
to the square of the press. The work required in grinding sand is propl. to the 
surface up to a 5-fold increase of surface area. The total surface area of sand parti- 
cles is found by the following method. The loss in wt. of a cube of quartz of known 
surface when suspended in N/1 hydrofluoric acid for 1 hr. at 25°C was detd. as 
0.0000418 g. per sq. cm. of surface. The loss in wt. of a sample of sand powder 
when similarly treated was then observed and the surface calculated. 

Measurement of temperature by thermocouples in unequally heated enclosures. 
W. MANDELL. Proc. Phys. Soc., 38, 47-68(1925); Chemistry and Ind., 45B, 79 (1926). 

‘The conclusion is reached that thermocouples cannot be used as precision instru- 
ments in indus. plants except under black-body conditions of radiation. The re- 
corded temp. varies also with diff. gases, being nearest the true value in H. Couples 
of different diameter give different readings, the thickest couple recording the high- 
est temp. near the hot plate, and the thinnest the highest temp. near the cold_plate. 
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All couples agreed at some temp. between the plates, this being nearer the hot plate 
with black than with bright surfaces. The results are explained by radiation and 


mol. impact effects. 
BOOKS 
Centrifugal driers and separators. E. A. Atiotr. London: E. Benn, Ltd., 
1926. 6s. H. H. S. 
The chemistry of power plant. W. M. Mires. London: E. Benn, Ltd., 1926. 
Price 6s. 
Crushing and grinding machinery. H.Srtymour. London: E. Benn, Ltd., 1925. 
PATENTS 


Method and mechanism for dehydrating minerals. Wittiam R. Wape. U. S. 
1,574,950, March 2, 1926. The method of dehydrating mineral subs. which comprises 
feeding them into a fur. flue communicating with a com- 
bustion chamber and contg. hot gases of combustion and 
delivering a blast of air into said flue. 

Cement mixer. Tuomas W. SHaw. U. S. 1,576,678, 
March 16, 1926. A mixing device of 
the character described, including a 
hollow mixing drum having a polygonal cross section and 
mounted to rotate about a horizontal axis, said drum being ar- 
ranged symmetrically about the axis and having a longitudi- 
nally extending opening in one side thereof, a longitudinally ex- 
tending blade projecting into the drum toward the axis thereof 
from one of the edges of the opening so that it will successively 
elevate and drop the contents of the drum when the drum is 
rotated in one direction and cause the contents of the drum to 
be discharged through the opening when the drum is rotated in a reverse direction, 
the blade codperating with the angular corners of the polygonal interior of the drum 
to mix and agitate the contents of the drum. 


Kilns, Furnaces, Fuels, and Combustion 


Relation of ash composition to the uses of coal. A.C. FIELDNER AND W. A. SELVIG. 
Fuels and Fur., 4 [3], 304(1926).—Ash in coal is desirable because the ht. content of the 
coal decreases in direct propn. to its ash content. It represents a certain amt. of dross, 
and it prevents efficient utilization of the coal through the formation of clinkers caused 
by the mtg. of the ash constituents when subjected to ht. The mineral constituents may 
be such as to make the coal unsuitable for specific use. For the efficient washing of 
coal to remove ash forming constituents it is desirable to know the compn. and distribu- 
tion of the ash forming constituents. This information is also desirable for the most 
efficient utilization of coal. Coal ash is largely the compd. of silica, alumina, lime, and 
iron, with smaller quantities of magnesia, titanium, and alkali compds. Considerable 
sulphate sulphur is found in coals that have been stored for some time, but as a rule 
freshly mined coal contains only very small amts. of sulphur, in the form of sulphate. 
There are usually 4 different forms of sulphur in coke as it is received by the consumer, 
viz., ferrous sulphide, sulphate sulphur, free absorbed sulphur, and solid soln. sulphur; a 
high percentage will be found as ferrous sulphide and solid soln. sulphur. The total 
sulphur in coke is the important thing to be considered. In drawing up specif. for coke, 
different values must be assigned in accordance with the use for which the coke is in- 
tended. The limitations as to sulphur content exclude the use of high sulphur coals for 
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some purposes. The softening or fusing temp. of coal ash is of particular interest because 
of the clinker and slag trouble often experienced while burning coal. The fusibility of 
coal ash is affected by the ratio of the silica to the bases present, the particular bases, and 
the percentage of alumina. A detailed discussion of the effect of each constituent of the 
fusibility of coal ash is given. In the case of powdered coal for cement kilns, the ash of the 
coal becomes a part of the clinker, but this is not considered objectionable as the im- 
purities of the coal are approx. of the same compn. as the cement. R. M. K. 
Relation of heating value of gas to its value to the user. E. R. WEAVER. Chem. 
Met. Eng., 33, 79-81(1926).—Direct observations were made upon the use of gas of 
different htg. values, and consumption figures were studied from certain communities 
where htg. values of the gas had been changed. Both classes of data indicate that the 
usefulness of gas to the consumer is directly proportional to its htg. value. No advantage 
results to the consumer from a decrease of htg. value unless the price is lowered more than 
in direct propn. M. E. M. 
Burning fuel oil efficiently. MaxSktovsky. Foundry, 54, 196-98 (1926).—Better 
fuel economy can be obtained by reducing the amt. of excess air. This can be done by 
better atomization and by htg. the air to about 700°F. Further economical results from 
prehtg. the stock with waste heat, and from a reduction in fur. size. M. E. M. 
Measurement of kiln performance. W. K. Lewis ANp A. H. RApAscu. Chem. Met. 
Eng., 33, 76-78 (1926).—Given the anal. of coal burned and of stack gases, temp. of 
stack gases, air, and discharged lime, of a shaft lime kiln, the authors compute the fuel 
ratio, amt. of excess air, and ht. distribution. M. E. M. 
Economical coal buying. H. B. Stanton. Power, 63 [4], 140(1926).—S. points 
out the practicability of buying coal on a performance basis rather than on a heat-unit 
basis. 
Selection of fuel for heating. W.S. Co. Glass Ind., 7 [2], 53 (1926). 
A discussion of the different fuels for various purposes and a chart comparing the cost 


per M B.t.u. of the various typical fuels at unit prices. F. G. J. 
Oil and gas burner that possesses unusual merit. ANON. Nat. Glass Budget, 41 
[45], 12 (1926).—A description of the Davison combination gas and oil burner. F. G. J. 


Profit from hot air flues. ANON. Master Builder, 765, 68 (1926). Strongly 
advocates the use of a simple flue system whereby the heat from cooling ware is used 


to drive off the water from green ware. Such a system must not leak. F. G. J. 
BOOK 
Heat transfer and evaporation. W.L. BapGer. Pp. 306. New York: Chemical 
Catalog Co., 1926. Price $5.00. H. H.S. 
PATENTS 


Tunnel kiln. HERMAN W. WEBER AND ARMIN O. SCHLEIFFARTH. U. S. 1,575,470, 
March 2, 1926. A tunnel kiln provided with a prehtg. zone, a flue arranged transversely 


P across the top wall of said zone 


and provided with an inlet through 
which hot air and products of 
4 combustion can pass from said 

zone into said flue, a fan at one end of said flue for inducing a circulation longitudinally 
of same, and a vertical flue at the side wall of the prehtg. 
zone connected with the discharge of said fan and provided 
with a port through which the hot air and products of com- 
bustion are returned to the lower portion of the prethg. zone. 
Oven closure. James Noiia. U. S. 1,576,451, March 

9, 1926. An oven closure comprising coéperative closure 


members mounted for controlling the oven opening in a 


4 
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manner to suit the introduction of goods of various sizes to and their removal from 
the oven to prevent the unnecessary escape of heat, one of said members being movable 
to opened and closed positions and be- 
ing self-closing, and means for locking said 
self-closing closure member in opened posi- 
tion. 

Stoker. Vasit MacKay. U. S. 
1,577,408, March 16, 1926. A stoker in- 
cluding rocking feeding bars, means for operg. 
the bars mechanically, and means for operg. 
the bars manually, the operability of the 
manual operg. means -being dependent 
upon the angular position of the mech. operg. means. 

Furnace for enamelled articles, etc. H. H. Dopce. U. S. 1,570,340, Jan. 19, 
1926. C.. 

Gas-fired shaft-kiln for burning limestone, silica, etc. DowsON AND MAson Gas 
PLant Co., Ltp., J. PATON AND E. W. Mawsy. Brit. 234,310, July 3, 1924. (C. A.) 


Geology 


The clays of Kentucky. WILLARD Rouse JiLtson. Ceramist, 7 [5], 281-85 (1926). 
—The clays of Ky. form one of the state’s richest endowments of mineral wealth. The 
chief products manufd. from the clays of central Ky., are common and ornamental bldg. 
brick, drain tile, and hollow blocks. Of lesser, though considerable, importance are 
the floor and wall tile, sewer pipe and pottery products. The largest unit clay producing 
indus. of Ky. is the firebrick indus. built upon the deposits of flint and semi-flint fire 
clays of northeastern Ky. In western Ky., excellent and widespread deposits of clay 
suitable for brick, drain tile, and sewer pipe manuf. occur. The Jackson Purchase is the 
northeastern portion of the old Gulf embayment; in it are found important deposits of 
ball and sagger clays as well as stoneware and brick clays. The best pottery clays are 
found in Calloway and Graves Counties, while a considerable pottery manuf. indus. is 
found near Paducah. Brickare manufd.at Mayfield, Paducah, and Clinton, but most of the 
ball and sagger clays are exported to the Northeast. The value of the raw clay products 
of Ky. for 1924 was $1,000,700; the value of the manufd. products derived from clays of 
this state was $7,613,600. Kentucky clay deposits are widespread, variegated, and of 
excellent quality; prospecting has shown that there are large reserves of the various 
types of clay. A. E. R. W. 

Development of Mattagami china clay to begin shortly. ANON. Can. Chem. Met., 
10 [2], 46 (1926).—Commercial development of the china clay deposits of the Mattagami 
River near Long Portage, 7 miles north of Smoky Falls, District of Temiscaming, Ontario, 
is to begin shortly. The deposits were described and their prospective development out- 


lined in the Nov. 1924 number. 
Feldspar. JEFFERSON MIDDLETON. Chem. News, 132, 72-73 (1926).— 
Statistical report on feldspar production and markets in 1924. E. ee. ?. 


The history of the oldest china clay mine in Europe. III. ScHUMANN. Keramos, 
5 [2], 77-82 (1926).—The 3rd of a series of articles on the history of the china clay mine 
located at Aue. 3. V- 

Graphite. B.L.Mmter. Mineral Ind., 31, 347-53 (1922).—The graphite industry 
was almost stagnant in 1922. Wartime stocks have not been exhausted. Prices were 
lower than in 1922. A British patent contains new features. Natural graphite is purified 
from silica, alumina, pyrite, and mica by intimate mixing with coal, charcoal, or coke. 
The mixt. is elec. heated to approx. 2200°C. The coal unites with impurities which 


. 
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are volatized and collected. Silica is used for filtering or polishing powder, the SO; for 
mfg. H2SO, and metallic oxides for metallurgical purposes. T. N. McV. 
Magnesite. S. H. DoLBEAR. Mineral Ind., 31, 451-56(1922).—There was an 
increase of production of 32% in 1922. Imports were 3} times those of 1921. Prac- 
tically all domestic production came from Calif. and was used in the chem. industries 
and for mfg. of magnesite cement. Most of the imported mat. came from the Austrian 
mines. This article gives tables of imports and domestic production. T. N. McV. 
Graphite. B.L. Miter. Mineral Ind., 33, 354-60(1924).—The graphite indus. 
was in a bad condition during 1924. Madagascar was the principal source, since its 
large deposits are easily workable. T. N. McV. 
Gypsum. F. A. WiLpER. Mineral Ind., 33, 361-65(1924)—Crude gypsum 
mined in 1924 exceeded 5,000,000 tons. The Bur. of Stand. has conducted some expts. 
which encourage the belief that gypsum tile may be waterproofed. The manuf. of 
estrich plaster has not been undertaken in America, but since this mat. may be used as 
an exterior stucco the entrance of gypsum in this field may be predicted. T. N. McV. 
The ceramics of Argentina in industry and art. A.S. Diaz. Rev. facultad ciencias, 
3 [2], 33-46 (1925).—There are large deposits of Fe-free kaolin in Sijin, Catamarca and 
Cerro de Velazco near La Rioja. In Mar del Plata and Balcarce (Buenos Aires) are 
deposits of clay suitable for the manuf. of refrac. mat. Argentine has no porcelain 
indus. Pottery is made from impure mat. and has a good domestic market. The great 
demand for roof tiles, sewer pipes, and sinks is covered by the U. S. and Europe in 
spite of the country’s wealth of raw mat. Refrac. plates are manufd. throughout 
the whole country by the most varied processes, from very primitive to entirely modern 
ones, but generally in a rather empirical manner entailing considerable waste. They 
gradually replace the imported product in all domestic industries. iC...) 
Zonolite: utilizing a useless mineral. E. N. ALLEY. Eng. Mining J.-Press, 120, 
819-20 (1925).—The com. development of a large deposit of altered phlogopite in Mon- 
tana brings out many uses for the treated mat. The dark heavy mineral when roasted 
swells to about 15 times its original vol. and becomes a light flaky mat. of golden leaves 
sepd. by air spaces. It is a silicate of Mg and Al contg. a little Fe. Exptl. work indicates 
the following uses for the treated mat. insulator for heat or cold, decorative mat. for 
plastered walls, fireproof roofing; component of wall paper, wall board, paint, cement 
products and pipe and boiler coverings; fireproof and insulating packing, in greases 
and lubricants and as a gold-bronze paint. er 


Chemistry and Physics 


The adsorbing power of clays and its influence on their content of alkalis and other 
substances. P. BREMOND. Rev. Mat. Constr. Trav. Pub., 195, 271-73B(1925).- 
The particle size distribution of a clay detd. by Seger is used as a basis for calcn.: 
82% of 5u grains, 11% of 17u, 3.5% of 32u, 3% of 186, 0.5% of 333u, (av. 
sizes). Bancelin has detd. that 1 sq. cm. of glass surface adsorbs 12 x 10-* g. of NaCl from 
a millinormal soln. The corresponding total surface for each grain size and the calcd. wt. 
of salt adsorbed are 393,800 sq. cm. 0.047 g., 7308 sq. cm. 0.0009 g., 662 sq.cm., 97 sq.cm. 
and 36 sq. cm. At the present time it is possible to obtain true clay hydrosols contg. 5“ 
clay substances. Assuming that the particles are not larger than 0.1, 50 g. of clay (per 
liter) will contain 3,825 x 10% grains with a surface of 12,010,500 sq. cms. capable of 
adsorbing 1.44 g. of salt or roughly 2.88%. B. is inclined to the belief that most of the 
alkalis found in clays are held by adsorption, although it is not denied that part of the 
alkalis is due to the presence of micas and feldspars. os 

Information regarding clay substance. G. KEPPELER. Sprechsaal, 58, 614-15 
(1925).—K. discusses the constitutional combination of Fe2O, in kaolinite. H. G. S. 


° 
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Renumbering of Seger cones. J. KiuG. Sprechsaal, 59, 21-22(1926).—K. calls 
attention to the fact that the bending of cones depends upon other factors besides 
temp. Numbering cones according to the temp. at which they are supposed to bend is 
therefore inaccurate and unnecessary. H. G. S. 

The use of the X-ray in ceramics. F. RINNE. Keram. Runds., 33, 427-29, 459-60, 
525-27 (1925).—F. reviews methods of analyzing crystals by the X-ray as was employed 
during the past several years. Examples of X-ray analyses of crys. and amorphous 
subs. are given. %..S. 

Peptization. A. V. SLATER. Chemistry and Ind., 44, 499-506(1925).—True 
peptization is the transformation of a gel to a sol. by addn. of a small quantity of a 
dispersing agent. It involves chem. action between the colloid and the peptizer. In- 
creased elec. charge and lowered interface tension are not sufficient in themselves to 
cause actual dispersion; some other force is necessary, viz., true soln. press. A subs. can 
be peptized if it is in gel form, and if its particles are not above colloid dimensions. 
The colloid particles are drawn into soln. by the soln. press. exerted by the peptizer. 
lons of low elec. affinity of the same sign of charge as the colloid, combined with ions of 
small coagulating power which increase the potential diff. within a wide limit of concn., 
will be good peptizers. Raising temp. and press. will enable some subs. to peptize a 
colloid, which at lower temps. and press. are unable to overcome the cohesion of the 
colloid. Deflocculants mentioned for clay are the hydroxides, carbonates, silicates, and 
sulphates of Na, K, and Li, and phosphates. i. H.S. 

High-temperature measurement by spectro-photography. I. O. Grirritu. Proc. 
Phys. Soc., 38, 85-87 (1925); Chemistry and Ind., 45B, 79(1926).—The spectrum of the 
source is photographed through a neutral wedge. The curved boundary of the spectrum 
varies in height according to the distribution of energy in the source, and therefore on its 
temp. The probable error is 40° at 5000°, and 150° at 10,000°. H.H.S. 

Analysis of refractory materials rich in alumina. E. ScHtRMANN AND W. Boum. 
Chem. Ztg., 49, 933-34, 958-59 (1925); Chemistry and Ind., 45B, 90(1926).—Detn. of 
the minor constituents of clays and other aluminous mats. is facilitated by sepn. of 
large amt. of Al,O; as AICI; by satg. the soln. with HCI. H. H. S. 

Heat of wetting of soil colloids. W. W. PATE. Soil Sci., 20, 329-35 (1925); Chemistry 
and Ind., 45B, 102 (1926)—Saturation of a soil, or of colloidal mat. extracted from it, 
with a univalent base lowered the heat of wetting, but satn. with a bivalent base had 
no marked effect. Comparing the extracted colloids from different soils, it is shown that 
the heat of wetting can be positively correlated with the amt. of replaceable base in 
the colloid. 

Influence of hydration on the stability of colloidal solutions of soils. L. C. WHEET- 
ING. Sotl Sci., 20, 363-66 (1925); Chemistry and Ind., 45B, 102 (1926).—When a known 
vol. of a suspension of a soil colloid in water is cooled to —4°, the vol. of water which 
freezes is greater than the orig. vol. measured; water of hydration held by the colloid 
becomes free and is frozen. If a flocculating salt (Al2(SO4)s) be added, the vol. of water 
which can be frozen is further increased, but a deflocculating salt (Naz CO;) reduces 
the amt. of freezable water. A colloid holds more combined water when dispersed than 
when flocculated; flocculation is brought about by any treatment which reduces the 
water of hydration below a certain point. H. H.S5. 

Colloid determination in mechanical analysis. R. O. E. Davis. Jour. Amer. Soc. 
Agron., 17, 275-79(1925); Chemistry and Ind., 45B, 102(1926).—The percentage of 
colloid may be detd. by absorbing the water vapor over 3.3% H2SO,, and calculating 
1 gm. of colloid per 0.3 gm. absorption. H. H.S. 

The structure of high- (or 8)-quartz. R. W. G. Wyckorr. Science 62, 496-97 


(1925).—The hexagonal unit cell of a-quartz (temps. below 575°) has the dimensions 


. 
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do = 4.903, Co =5.393 A. U., and contains 3 mols. of Si0:. The only simple unit cell 
for 8-quartz which can account for data now obtained from powder and 6 Laue photo- 
graphs is a similar one with a. =5.01, ¢. =5.47 A. U., and contains 3 mols. as caled. 
from the dsg;=2.518. The structure is that of the 2 enantiomorphic arrangements 
6D—4(c) and (j) and 6D—S (c) and (j) with Si atoms (c) at 44, 0}0, 303, and O atoms 
(j) at 200}, u 2u2, dug, 2u u 203, where u=0.20. A.) 
The structure of alpha-and beta-quartz. W. Brac anp R. E. Gisss. Proc. Roy. 
Soc. (London) 109A, 405-27 (1925).—A partial structure of quartz (parameters of Si) 
was previously established (C. A. 8, 1699). From the fact that trigonal a-quartz and 
and hexagonal 8-quartz must have a very similar structure, the missing parameters 
for the statement of the O atoms in the lattice are caled. The arrangement of the O 
atoms round the Si atoms so found is very close to tetrahedral. Values of the changes 
in the position of the atoms when a-quartz is transformed into 8-quartz will be given 
later. 
The isomorphism between quadrivalent uranium and zirconium. LoRENzo FrEr- 
NANDES. Alftt accad. Lincei [6] 2, 182-86(1925).—Until recently little work on the 
isomorphism of the various quadrivalent rare earth elements had been done. By 
the X-ray methods Goldschmidt and Thomassen (C. A. 17, 1609) found that CeO., 
ThO, and UO, are isomorphous. Cuttica and Tocchi (C. A. 19, 425) prepd. double 
nitrates of NH, and Ni with Ce'Y and Th. The case of Zr has not been examd. yet. 
Recently F. found by the X-ray method that ZrO, exists in only 1 form and that the 
variations observed in its d. are due to the inclusion of gases. In a previous paper F. 
(C. A. 19, 2892) studied the isomorphism of Zr (SO4)2 and Ce (SO,4)2 and found that they 
are completely miscible in the solid state. In this paper the compds. Zr (SO,4)2.4H:,O 
and U (SQ,4)2.4H:0 which cryst. in the rhombic system like the corresponding Ce and 
Th salts were studied. These 4 salts of Zr, U, Ce, and Th constitute an interesting 
isomorphous series capable of giving solid solns. in a relatively vast range and this 
isomorphism serves to explain the frequently relatively high U content of Zr minerals. 
Probably hafnium sulphate is also isomorphous with the above 4 compds. (C. A.) 
Cristobalite. Louris LoNGCHAMBON. Compt. rend., 181, 614-16(1925).—Observa- 
tions on the crystn. of tridymite from solns. in which cristobalite is dissolving, and the 
orientation of these tridymite crystals on the cristobalite residue. (C. A.) 
Points of magnetic transformation in the system sesquioxide of iron-magnesia. 
H. ForESTIER AND G. CHAUDRON. Compt. rend., 181, 509-11(1925).—A study of the 
system Fe,0;-MgO at various temps. by dilatometry and also by magnetic suscepti- 
bility. The results show the existence of Fe2O;.MgO. (C..4,) 
Some observations on the plasticity symposium. F. G. Breyer. J. Phys. Chem., 
29, 1266(1925).—Granting that plasticity is dependent on two parameters, it is con- 
fusing to say that one subs. is more plastic than another. We should agree on 
comparing yield values. Since adhesion, giving rise to flocculation, is most important 
in affecting the yield values, the use of the microscope is highly desirable in connection 
with plastic flow, because flocculation can be readily observed. (C. A.) 
Studies in the feldspar group. A. N. WincHeELL. J. Geol., 33, 714-27(1925).— 
A discussion of the relations between optic properties and compn. in the apparently 
continuous series KAISi;Os—-NaAlSi;0; and KAISi;Os;-BaAl,Si,O;, with notes on the 
classification of the plagioclases. (C. A.) 
Elasticity. A. Scnos. Gummi-Ztg., 40, 624-25 (1925).—To obviate the confusion 
and errors current in the meaning and significance of elasticity in a mat. it is pro- 
posed to define elasticity as the ratio: work recovered/work expended, when a mat. is 
subjected to deformation. For complete elasticity the ratio is 1, and for complete plasticity 
it is 0. Neither limit is reached, however, by any mat. This definition does not involve 


. 
. 
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the extent of the deformation, the latter depending merely on the sp. resistance against 
deformation. Deformation thus presupposes elasticity but is not a measure of it. 
On this basis rubber is a relatively inelastic mat. e. g., compared, with steel. Elasticity 
as thus defined can be measured directly by the relative height of rebound of a falling 


body. (C. A.) 
BOOKS 
Introduction to industrial chemistry. S. I. Levy. Pp. 304, illustrated. London: 
G. Bell and Sons, Ltd., 1926. Price 15s. H..H.S. 
Introduction to theoretical physics. A. Haas. Vol. II. Transl. T. Verschoyle. Pp. 
x+414. London: Constable and Co., 1925. Price 21s. 
General 


Boiler furnace temperatures with preheated air. J. G. Coutant. Power, 63 [5], 
189 (1926).—C. gives curves and shows how to compute fur. temps. when the B.t.u. 
value of the fuel is known and the temp. of the preheated air. ae eS 

Radiation in boiler furnaces. Gro. A. OrroK. Mech. Eng., 48 [3], 218(1926).— 
Q. reviews the work of other investigators on the computation of radiation temps. and 
concludes by deducing a relatively simple formula for this factor. we eo 

Borax. T. R. LeE1GHTON. Mineral Ind., 33, 96-99 (1924.)—Borax is mainly used 
in the manuf. of enamels for cast iron and steel. It is used extensively in the glass indus. 
for its properties of lowering the m. p. of glass, raising the coeff. of refraction, lowering 
the coeff. of thermal expansion and reducing the tendency to devitrify. The principal 
boron mineral is colemanite (Ca2B,sOn * 5H2O) of which there are large deposits in 
Nev. and Calif. Cement with the addition of 0.1 to 1% boric acid and from 1 to 10% 
CaCl, may be kept in closed containers in dry form and mixed with 40 to 60% water 
to form a cream that may be applied by brush or spray. The above process is patented. 

T. N. McV. 

Boilers and boiler room accessories. M.E. D. Manuf. in Canada, 1 [2], 11-13 
(1926).—The first of a series of articles on this feature of power plant equipment. 
Various types of boilers now on the market are discussed as to construction and design. 

V. 

Course in ceramics at U. of T. ANon. Manuf. in Canada, 1 [2], 36(1926).—Speakers 

at a short course in ceram. held at the Univ. of Toronto from Jan. 18-29 named. 

The trade situation. II. WILHELM VERSHOFEN. Keramos, 5 [2], 67-70(1926).— 
A discussion of the status of business in general in Ger. Exports for the years 
1913, 1924, and 1925 are compared, with a special table devoted to exports of ceramic 
wares. E. J. V. 

What is technical progress? ANoNn. Keramos, 5 [2], 75—76(1926.)—A series of ques- 
tions and answers explaining the why and wherefore of the Ger. Ceram. Soc. The 
various classes of people who are members are enumerated. A very concise list of 
problems studied during the past year is given. E..¥: V. 

Modern heating methods for ceramic plants. Fr. RiepiG. Keramos, 5 [2], 83-85 
(1926).—A discussion of methods of htg. and control of temps. in work rooms to ob- 
tain max. efficiency from the laborers. Use of app. such as turbine blowers, etc., is 
discussed. 

Actual output vs. rated capacity. ANON. Master Builder, 765, 61 (1926).— 
A discussion of method of dealing between plant superintendents and managing boards. 
The superintendent is often hampered by being called on for too many reports. He 
cannot have a broad enough outlook and cannot know the relative values of different 
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makes of machs. for his particular problem. He should be given the occasional help 
of an impartial consultant, not a salesman, who will have wider experience. F.G. J. 
Fluid heat transmission. J. A. REAVELL. Chemistry and Ind., 45, 105-106 (1926).— 
The disadvantages of the common methods of heat transmission, such as supersatd. 
steam, are discussed, and it is said that the prob. of economical heat transmission at 
high temp. is solved by the use of oils. In cooling from 600°F to 500°F, 1 lb. of oil 
will give up 57 B.t.u., a little more than 1 Ib. of superhtd. steam (52 B.t.u.), whereas 
the same vols. of oil and superhtd. steam contain vastly different quantities of heat. 
Thus 1 cu. ft. of oil, cooling from 600°F to 500°F evolves 2570 B.t.u., whereas 1 cu. ft. 
of steam at 100 Ibs. per sq. in. press. evolves only 10 B.t.u. It is preferable to allow 
the oil to cool only 50°F; hence the comparable figures are 1285: 10, or 128 : 1. All oils 
are not alike for this purpose; the vapor press. of some becomes high at 600°F, and others 
carbonize or crack. An oil which meets all requirements is said to be Meproline. 
Silicosis. ANON. Chemistry and Ind., 45, 148(1926).—A statement in Parliament 
on the refractories industries silicosis scheme for compensation of those disabled by 
silicosis. H. H. S. 
The manufacture of graphite pencils and its relationship to ceramics. H. V. 
PERRIER. Chimie et industrie, Special No., 339-45 (Sept., 1925).—Descriptive, showing 
the analogy with and difference from ceramics due to the use of clay. (C. A.) 
The vital need for greater financial support to pure-science research. HERBERT 
Hoover. Mech. Eng., 48, 6-7 (1926). (C. A.) 
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EDITORIAL 


THE LIMITS OF OUR KNOWLEDGE OF CERAMIC MATERIALS' 
By A. V. BLEININGER 
ABSTRACT 


A general discussion of the gaps in our knowledge of the basic raw materials of the 
ceramic industries and the contradictory results reported in the literature. The paper 
is a plea for the more complete and accurate study of the principal materials. 


The knowledge of the chemical and physical properties of our raw 
materials constitutes the most vital part of the subject known as 
“ceramics.” This field has been covered so incompletely that we are 
not entitled to speak of a science of ceramics, since there is no such 
thing. We are still dealing with a discontinuous series of facts and ob- 
servations which are replete with incongruous rules and dicta. This 
condition is not to the discredit of the limited number of workers in 
this field but is largely due to the inherent difficulties of research 
encountered in the domain of the oxides and silicates. Our work is made 
difficult beginning with the chemical analysis and ending with the 
obstacles encountered in the study of the structure of the finished 
product. The metallurgical chemist has at his disposal quick and 
accurate methods of analysis and by his rapid polishing and etching 
processes is in position to study structure with far greater facility. 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Atlanta, Ga., Feb., 
1926. (General Session). 
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Again, he has control over the composition of the metals through his 
melting processes while we must largely take such rock and mineral 
substances as nature furnishes them. 

But there has been a tendency on our part to neglect the study of 
our raw materials and to conduct them in a casual way. Since the raw 
materials constitute the basis of our industries we must check our 
tendency to stray afield in the pursuit of more attractive but also more 
superficial subjects. The earlier workers paid far more attention to the 
raw materials than we do at the present time. 

To support the plea for a more intensive cultiVation of this field 
permit me to call attention to some of the limitations which confront 
us as regards our knowledge of the materials with which we must deal. 

Taking up the primary kaolins we are too prone to consider them 
as being a well-defined class of clays. In some published studies we find 
that one primary kaolin is replaced with another or even with a secon- 
dary kaolin without any misgivings. Yet as a matter of fact there are 
a number of English china clays which cannot be interchanged in- 
dis¢riminately. Instances are on record where the replacement of one 
English china clay by another caused considerable financial loss in 
the manufacture of pottery. These clays do show differences in regard 
to plasticity, strength in the dry and fired state, porosity, shrinkage 
and thermal expansion. R. V. Miller distinguishes four types of English 
china clays based on simple factory tests such as dry strength and 
absorption at cone 8. Again, every potter knows that some china clays 
craze very readily while others do not, indicating differences in thermal 
expansion and ability to hold the glaze. 

When we speak of replacing English china clay we may well ask just 
which type we mean. It would seem very desirable to know more about 
these clays in terms of physical constants. But similar conditions pre- 
vail in regard to the American primary kaolins from North Carolina 
and Maryland, and the secondary clays from Georgia and Florida. 
We have found three types of North Carolina kaolin, based on ab- 
sorption and strength in the fired state, of which one is exceedingly weak 
and detrimental for manufacturing purposes. Similarly we can dis- 
tinguish at least three types of Georgia and two of Florida kaolin. 

Considerable work needs to be done on the Georgia kaolins which 
will tend to extend their usefulness very greatly. The tendency toward 
the production of ivory colored wares offers a unique opportunity for 
the more extensive use of these materials provided the necessary body 
adjustments are made, consisting in the use of a larger amount of ball 
clay and an adequate proportion of feldspar. Some very fine ware has 
been produced with larger amounts of Georgia kaolin. 
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The differences between ball clays are even more marked than those 
between the kaolins. Thus, we are acquainted with four types of 
English ball clay. These differ considerably, not only in regard to their 
shrinkage, strength in the dry and fired state, and porosity, but also in 
reference to their thermal expansion which affects the glaze fit. Similar 
differences are noted between the American ball clays between which 
we must discriminate carefully. . 

In comparing the several clays as to their ultimate effect in the body 
we have found it desirable to test them not only by themselves but also 
in admixture with feldspar and flint, but with no other clay. If, for 
instance, the normal body carries 13% of feldspar and 35% of flint, 
the clay to be tested is introduced to the amount of 52%. Knowing 
then the properties of such simple mixtures we can determine their 
function in the body. We are dealing here with an additive function 
and we need merely consider the proportion of the normal 52% which 
is brought in by each clay. Thus, the degree of porosity and strength 
contributed by a number of typical clays is shown in the following 
table. Each clay is admixed with 13% of North Carolina feldspar and 
35% of flint. 


Absorption at Modulus of 
Clay used in body cone 8 rupture of body 
fired to cone 8 
(Ibs. per sq. in.) 


Mixture of 3 English china clays 9.95 3464 
Fla. kaolin 10.62 4014 
Light English ball clay 0.57 8939 
Dark English ball clay 2.80 6715 
N. Car. kaolin 18.78 1805 
Tenn. ball clay 3.19 5957 
Ky. ball clay Pe | 6502 


In reviewing the published reports upon clays we observe many gaps 
and deficiencies which it would be desirable to fill and to amend. The 
data on fewer but well-selected samples would be preferable to in- 
complete data on many materials. Very often we note that shrinkages 
are given without reference as to whether they are based on the wet 
or the dry volume, and at the same time the amount of water to which 
the shrinkages refer is not stated. Shrinkages are often referred only 
to linear measurements which are certain to be inaccurate. It would 
be desirable if the recommendations of our Committee on Standards 
were followed more closely. It should be realized that we are dealing 
with physical measurements which should be as accurate as possible. 
At the same time results based on firings conducted in test kilns are 
frequently quite misleading owing to the exceedingly poor heat dis- 
tribution obtained which is inexcusable in this day of thermal insulation 
applicable to small_as well as large kilns. 
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Taking up the feldspars we again find a wide variety of materials 
which produce distinctly different effects upon the body structure. 
They differ not only in regard to their ultimate softening point but also 
with reference to their rate of softening, their fluidity, their solution 
effect upon the body constituents and their thermal expansion. These 
factors are rendered still more complex by the differences in the fineness 
of grinding. 

It is obvious that the chemical composition, particularly the content 
of alkalis and the ratio of potash to soda, and the content of alkaline 
earth fluxes is of prime importance. One of the factors in which we are 
particularly interested is the solution effect upon quartz. The im- 
portance of this factor is not generally recognized as being a vital one 
and yet it is so for bodies which carry a lead-alkali-boric acid glaze. 
The question arises as to what proportion of the flint may be dissolved 
by a given amount of feldspar. It is obvious that the amount of flint 
dissolved depends upon the kind of feldspar, its fineness, the fineness 
of the flint, and the thermal treatment. Feldspars fairly high in soda 
are able to dissolve astonishingly large quantities of quartz. In a crude 
test, it was found that upon heating a mixture of 70% of quartz flint, 
25% of a moderately soft feldspar and 5% of whiting to cone 9, at least 
one half of the flint had dissolved. The same mixture fired to cone 17 
showed complete solution of the flint. It would be very interesting to 
know accurately the amount of a given fineness of flint that could be 
dissolved in the principal types of feldspar, at several temperatures. 
The published information on this subject is not very illuminating and 
is practically without value. 

If there is appreciable solution of the quartz in a body of the earthen- 
ware type it is easy to see that the partial elimination of quartz will 
effect an important change in the thermal expansion. It is apparent 
that in dissolving quartz we convert a mineral with a thermal expansion 
of 1660X10-* into a glass with a coefficient of only 5510-5, the 
lowest of any known substance. That the solution even of a moderately 
large amount of quartz will bring about a material reduction in the 
thermal expansion is hence not difficult to understand. Is it not possible 
that the crazing of overfired earthenware as well as of vitreous ware, 
which carry lead borosilicate glazes, may be explained in this manner? 
This would be a strong argument in favor of low soda and generally 
harder feldspars. 

Going to the other extreme it might appear possible to produce low 
expansion bodies through the use of siliceous feldspar glasses, in which 
through preliminary firing a large quantity of quartz has been dissolved 
in feldspathic fluxes. 


| 
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Referring to the fineness of feldspar it would seem that all sieve 
classification is more or less useless and that we should return to a 
simple form of elutriation test as was recommended years ago by the 
late Ernest Mayer. The same thing may be said also of flint especially 
in these days of commercial air classification. The flint of today is 
undoubtedly finer and of more uniform grain than that used formerly. 
Whether this really is the most desirable condition remains to be seen. 
It undoubtedly aids in quartz solution. 

In addition there seem to be differences inherent in the quartz and 
flint structure, per se, concerning which we know nothing, just as we 
are ignorant of the real molecular changes wh'ch take place within our 
clays. 

Without elaborating upon too many subjects allow me to close with 
a reference to the glaze materials. Our knowledge of the thermal 
expansion of the simple silicates and borates, 7.e., combinations of one 
base with an acid is practically nil since the values available for the 
single oxides are at best but approximations. As long as we perpetuate 
such errors as the replacement of oxides of high molecular weight by 
those of low weight, as a remedy for crazing when we know that exactly 
the reverse is true there is still room for much work. 

In conclusion permit me to say that this brief article is not presented 
in a critical spirit but desires to express only the writer’s feeling of his 
own inadequacy, and the hope that the younger men will do what we 
older ones have failed to accomplish. 


HOMER-LAUGHLIN Cutna Co., 
NEWELL, W. VA 


PAPERS AND DISCUSSIONS 


REPORT OF THE ENAMEL DIVISION COMMITTEE ON 
STANDARDS, 1925-26! 


The plan of the Committee for the year just closing has been to carry 
forward the various lines of work started by the previous Committee. 
It was obvious that only a few specific problems could be undertaken 
with any prospect of results complete enough to be of definite use. The 
following general classification of problems was made: 


) Flotation of enamel and related problems 

) Opacity, color, reflecting power and associated properties 
) Standardization of raw materials 

) 


(1 
(2 
(3 
(4 


Standardization of control tests 


One member of the Committee was made responsible for progress 

on each of these problems, with instructions to review the literature, 
obtain all possible data that would be of benefit and carry out such 
tests as might be in line. Some have found it possible to make consider- 
able progress while others have not been so fortunate. As a whole the 
work for the year is perhaps more fruitful in immediate results than 
has been the case in the past. 
The work which has been done at the Bureau of 
Standards has been coérdinated with the plans of 
the Committee and a progress report is on the program 
of the Division. Previous progress reports have appeared in the Bureau 
of Standards, Technical News Bulletin, Nos. 101 and 105 for September, 
1925, and January, 1926, respectively. 

Considerable attention has been paid to the measurement of the 
plasticity of enamel slips with special reference to the ideas of Bing- 
ham.? In addition to what is included in the report from the Bureau of 
Standards, two members of the Committee have been busy trying to 
devise a simple method of determining yield point and mobility and 
correlating data with shop practice. Encouraging results have been 
obtained but the work is not far enough along to go farther than to say 
that the conelusions of Cooke* with regard to varying temperature, 
varying water content, and varying magnesium sulphate have been 
qualitatively confirmed using a simpler form of apparatus. No tests 
have been made on the effect of varying clay content. Incidental to 


1. Flotation of 
Enamels 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Atlanta, Ga., 
Feb., 1926, (Enamel Division). 

2 E. C. Bingham, Jour. Amer. Ceram, Soc., 8 [4], 237 (1925). 

®R. D. Cooke, Jour. Amer. Ceram. Soc., 7 |9], 655 (1924). 
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this a Bibliography on the subject has been prepared and is appended 
to this report. 

The Committee has depended entirely on the Bureau 
of Standards to follow out this work. They have 
been so busy on other enamel problems that they are not in a position 
to make a progress report on this subject. 

The previous Committee had classified enamel 
raw materials into general classes, natural minerals 
and prepared chemicals. The former class seemed to offer problems of 
interest to all enamelers and, of the various materials in the class, 
feldspar and clay were considered as most important. 

The Bureau of Standards is making an exhaustive study of feldspar 
in general. The Committee considered it wise to wait until this work 
was complete and to try to apply it to the field of enamels, rather than 
to carry an independent effort along this line. 

Two years ago the Committee attacked the problem of clays and 
their fitness for use with enamels. Various points of approach were 
considered and it was decided to try to correlate chemical composition, 
mineralogical constitution and behavior in the form of a slip. This 
work has covered the study of more than twenty clays of a wide range 
of composition. It is possible that some relations of value have been 
reached. These preliminary findings are not sufficiently substantiated 
to warrant a definite statement but the results are appended hereto for 
such consideration as may please the Division. The Committee desires 
a free discussion of these suggestions and the use of them by members 
of the Division as a means of their verification or refutation. 

A survey of the literature indicated that there were 
a great many different tests in use by various 
enamelers and that they were in no manner uniform. There did not 
seem to be a sufficient amount of information available to make possible 
the compilation of a set of tentative specifications. It was, therefore, 
decided to make a survey of the situation by means of a questionnaire 
to members of the Division. The Committee was disappointed in the 
small number of replies received but the information that was received 
will well serve as the basis of a set of specifications to be formulated 


2. Opacity, etc. 


3. Raw Materials 


4. Control Tests 


later. 

A bibliography on control tests and the results of the survey are 
appended. It is urged that the latter be thoroughly discussed on the 
floor of the Division in hope that additional information become avail- 
able. 

E. P. Poste, Chairman 
R. D. Cooke 


W. N. Harrison 
B. A. RIcE 
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Appendix B: Comparison of Clays for Suspending Enamels 
By B. A. Rice anp E. P. Poste 


The following are portions of a bulky record resulting from 
a study of a representative group of clays in an effort to cor- 
relate enamel suspending power with chemical composition, mineralogi- 
cal constitution, settling behavior with distilled water and with enamel, 
and the presence of organic matter. Commercial experience and 
laboratory tests with enamel were confined to sheet iron ground coats. 


Note 


CHEMICAL COMPOSITION 

Moist. SiO: Al,O; Sio:/Al.0; Color of Slip 
57.98 30.62 .89 White 
$5.53 29.96 .85 Cream 
51.33 32.71 .57 Gray 
46.37 34.86 33 Brown-gray 
53.92 30.43 717 Slight gray 
53.43 33.34 .60 Brown-gray 
49 .93 33.19 .50 Brown 
52.81 32.38 .63 Brown 
34.14 Dark gray 
46.01 35.89 .28 Gray-dark brown 
65.45 27.70 .36 Dark brown 
52.34 32.41 .62 Cream 
58.48 31.18 .88 Nearly white 
51.44 34.17 .50 Light brown-gray 
49.95 33.17 .50 Dark cream 
44.50 38.52 — Light brown 
48 .76 35.38 .38 Dark brown 
48. 38.26 Cream 
46.28 38 .98 .16 Dark cream 
51.82 35.11 48 White 
50.14 35.13 43 Dark brown 
48.65 34.49 41 

.90 32.64 53 


1. 
Re 
1. 
1. 
1. 
0. 


-— 
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Summary 


The theoretical composition of a pure clay based on the 
formula: Al,O; - 2SiO,.-2H2O is - 39.6%, SiOs - 
46.6%, and combined H,O - 13.9%. 

The silica-alumina ratio is a value serving as an index of the purity 
of a clay, not affected by variations in hydration. The theoretical is 


1.17. 
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Practical experience has suggested that clays low in silica and high 
in alumina are more satisfactory for suspending ground coat enamels 
than those with high silica and low alumina. It is also possible that the 
better clays as a whole have had higher ignition losses. 

Of the clays in the above list which have been used commercially, 
those which have been reasonably successful fall into one group as to 
silica-alumina ratio, while those which have not been so successful 
fall into another group. No. 3, which was used commercially but not 
with entire success, falls in the first group but with the highest silica- 
alumina ratio. 

Two clays not involved in the present investigation are interesting 
in this connection. A clay, herein designated as B, used successfully 
in connection with an enamel which was very hard to manipulate, 
contained 44.66% silica and 39.37% alumina which gives the very low 
silica-alumina ratio, 1.13. A white clay which was not entirely satis- 
factory was quickly discarded when the advantages of a second clay 
were recognized. <A typical analysis of this white clay gives silica 
55.14%, alumina 30.35%, a silica-alumina ratio of 1.82. The second 
clay contained SiO, 46.0% and Al,O; 35.0%; SiO2/Al.Os; ratio of 1.32. 

Grouping the silica-alumina ratios into the two classes suggested 
above, we have the following: 

First group: better clays Second group: poorer clays 
Clay Silica-alumina Clay Silica-alumina 

ratio ratio 
1.89 
.50 1 
.50 | 

41 


57 


8 


The above observations suggest that there may be something to 
the theory that clays with a low silica-alumina ratio are better than 
those with a higher silica-alumina ratio. This is the nearest to a definite 
conclusion that can be drawn with reference to the composition of a 
clay in view of data based on commercial practice. 

The color of the slips as suggestive of organic matter is worthy of 
note in view of the fact that the more successful clays as judged by 
commercial use have been dark, producing a brown liquid. Of the clay 
under observation, Nos. 4, 6, 7, 8, 10, 11, 16, 17, and 21, have been 
noted as giving a more or less dark slip. 

In general it may be stated that the clays high in 


P silica and low in alumina, or with high silica-alumina 


Examination 


ratio, contain appreciable quantities of crystalline 


material, which, in most cases, is suggestive of free silica, or kaolinite 


3 
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too finely divided for identification with the microscope at hand. 
In some cases which do not definitely check with this generalization 
there are apparently inconsistencies in analysis. The clays which have 
low silica-alumina ratio and are apparently free from crystalline 
material are Nos. 4, 6, 7, 15, 16, 22, and 23, while Nos. 17, 18, and 19 
very closely approach this classification. 

The .semi-commercial use of some of the clays 
indicates quite clearly that those with a low silica- 
alumina ratio and relatively free from crystalline 
material work well while those with a high silica-alumina ratio contain- 
ing crystalline material give unsatisfactory results. The clays which 
gave good results are Nos. 4, 7, 15, 16, and 22 while those which gave 
poor results are Nos. 1, 5, and 8. Clays which gave results of inter- 
mediate quality were Nos. 3 and 6. Neither one of these could be as 
definitely classified as the others in regard to silica-alumina ratio. 
In considering settling tests in general, it is well to 
have in mind the fact that Grainer' considers that a 
clay which settles rapidly in distilled water is not 
suitable for use in enamels. 

When the entire series of clays was used in settling tests with distilled 
water, the following clays remained quite well suspended: 17, 21, 24, 
10, 16, 15, and 7. 

As compared with the behavior of the several clays in distilled water, 
in which case several of them did not settle badly, it is worthy of note 
that in mill water Nos. 1 and 2 were the only ones that did not settle 
badly.? 

From these settling tests there is a suggestion of value in the use of 
distilled water but the use of mill water would not seem to differentiate 
clays with definite sharpness. 

The viscosity tests on the distilled water slips make possible another 
comparison of the group of clays as a whole. Those with lowest vis- 
cosity are clays with relatively low silica-alumina ratios while those 
with a higher viscosity as a whole have higher ratios. There are some 
exceptions to these general statements. The clays which showed low 
viscosity in distilled water packed, due to settling, in mill water. 

This last observation suggests that the apparent lack of settling in 
some of the mill water samples is really the separation of the finer 
particles in the upper layers of the slip while the heavier particles settle 
at the bottom. 

A rather elaborate series of settling tests involving clay, enamel, and 
water, both with and without electrolytes, failed to bring out any data 


Semi-Commercial 
Trials 


Settling Tests 
and Viscosity 


1J.S. Grainer, Jour. Amer. Ceram. Soc., 5, 98 (1922). 
2 J. S. Grainer, Jour. Amer. Ceram. Soc., 8, 236 (1925). 
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which could be definitely correlated with composition of clay or com- 
mercial behavior. 

While it cannot be said that no effect was produced 
by the addition of organic matter to clays No. 7 and 
11, this treatment does not seem to cause No. 11 to behave like No. 7. 
The choice of No. 11 may have been unfortunate. It was selected 
because of its definite settling tendency in distilled water. It happened 
that, as judged by the color of the slip, it already contained a large 
amount of organic matter.' 


Organic Matter 


Conclusions 

The use of silica-alumina ratio, 1.17, for the theoretically pure clay, 
furnishes a useful index in judging the purity of a given clay, eliminating 
any error by virtue of changes in hydration. 

Commercial experience has suggested that clays low in silica and 
high in alumina have been more successful than those of the reverse 
nature. It is noted that of the successful clays, the maximum alumina- 
silica ratio has been between 1.50 and 1.60. This suggests a classifica- 
tion on this basis of the several clays under investigation. 

The examination of the several clays under the microscope has 
in general indicated that the clays with the greatest deviation from the 
theoretical composition have been contaminated with crystalline 
material, probably in most cases, quartz. 

Semi-commercial use of several of the clays under investigation, 
in addition to the commercial experience noted above, has shown that 
those low in silica-alumina ratio and relatively free from crystalline 
material have given more satisfactory results. 

Settling tests of the clays in distilled water have pointed in a general 
way to those with low silica-alumina ratio as most resistant to settling. 
Soluble material in the liquid, either in using clay and mill water or 
clay with enamel, has interfered with the definite behavior of clays 
as indicated in distilled water. Viscosity tests on slips of the several 
clays in distilled water have shown that those slips with the lowest 
viscosities involved the clays with the lower silica-alumina ratio. 

While nothing definite by way of treatment of an unsatisfactory 
clay with organic matter has been accomplished, it has been noted in 
general that those clays giving dark-colored slips have been better 
commercially and the majority of the dark clays in the list under 
observation are those having a low silica-alumina ratio. There are more 
exceptions to this statement, however, than to any of the previous ones. 

The nearest approach to a general conclusion which is possible from 
this work is to say that clays with a low silica-alumina ratio, relatively 


1 Jour. Amer. Ceram. Soc., 8, 235 (1925). 
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free from crystalline impurities, give better results for the processing 
of sheet iron ground coat enamels. In most cases the successful clays 
have apparently contained considerable quantities of organic matter 
as evidenced by dark-colored slips and liquor. The more successful 
clays have more definitely resisted settling when shaken in distilled 
water and their distilled water slips have shown a lower viscosity. 

It is not claimed that the above suggestions are sufficiently substan- 
tiated to be taken as final. Much more data must be at hand, resulting 
from experimental work, and shop experience, before final statements 
can be made. 


Appendix C: A Bibliography of Literature on Enamel Tests and 
Methods of Control 
By Bryan A. RICE 
Compiled from Transactions of the American Ceramic Society 

Edward Orton, Jr., “‘Notes on the Testing of Enameled Sheet Steel Wares,’’ 11, 
320 (1909). (Chem. tests on automobile license tags.) 

Robert D. Landrum, “Methods of Analysis for Enamels and Enamel Raw Materials,”’ 
12, 144 (1910). 

J. B. Shaw, ‘‘Testing Sheet Steel Enamels,” 12, 463 (1910). (Tests by thermal 
shock, p. 480. Acid resist. tests, p. 480.) 

Robert D. Landrum, ‘‘Resistance of Sheet Steel Enamels to Solution by Acetic 
Acids of Various Strengths,’’ 13, 494 (1911). (Acid resist. tests, p. 495.) 

R. D. Landrum, ‘‘Comparison of Ten White Enamels for Sheet Steel,’’ 14, 489 (1912). 
(Acid resist. tests, p. 490. Tests by thermal shock, p. 490. Impact tests, p. 491.) 

R. D. Landrum, ‘Necessity of Cobalt Oxide in Ground Coat Enamels for Sheet 
Steel,”” 14, 756 (1912). (Impact test, p. 759). 

W. Angus Denmead, ‘Hints on Experimental Enamel Making,” 16, 445 (1914). 
(Control of smelting, p. 447. Viscosity test on enamel slip, p. 449.) 

E. P. Poste, “Relative Action of Acids on Enamels.-I,”’ 17, 137 (1915). (Acid re- 
sistance test on frit, p. 138.) 

E. P. Poste, ‘‘Relative Action of Acids on Enamels.-II,’”’ 18, 762 (1916). (Acid test 
on frit, p. 762.) 

R. R. Danielson, ‘‘Effect of Variation in the Composition of Ground Coats for Sheet 
Iron Enamels,” 18, 343 (1916). (Microscopic examination, p. 345. Impact tests, p. 346.) 

E. P. Poste, “‘Heat Transmission of Enamel,” 18, 570 (1916). (Evaporation tests on 
copper, plain steel, and enameled steel dishes.) 

E. P. Poste, ‘‘Enamel Surfaces under the Microscope,” 19, 146 (1917). (Use of 
microscope to judge properly fired enamels.) 

J. B. Shaw, ‘‘American Clays for Floating Enamels,” 19, 339 (1917). (Settling test on 
clays, p. 340. Viscosity of enamel slips, p. 348.) 

Compiled from Journal of the American Ceramic Society 

E. P. Poste and B. A. Rice, ‘‘Effect of Degree of Smelting on the Properties of a 
Frit,”’ 1, 221 (1918). (Chem. anal. methods, deformation tests on enamels, acid tests on 
enamel frits, p. 223.) 

J. B. Shaw, ‘Antimony Oxide as an Opacifier in Cast Iron Enamels,’’ 1, 502 (1918). 
(Autoclave test for soly., p. 506.) 

L. J. Frost, ‘“‘Action of Acetic Acid Solns. of Different Strengths on a Sheet Steel 
Enamel,’’ 1, 422 (1918). (Acid action on enameled surfaces of small dishes.) 


| 
| 


ENAMEL DIVISION REPORT 239 


E. P. Poste, ‘‘Relative Action of Acids on Enamels.-III,” 2,32 (1919). (Frit tests with 
acetic, citric, and tartaric acids, p. 33.) 

U. S. Bureau of Agriculture Tests on ‘Acid Resistance of Enameled Cooking Ware,”’ 
2, 843 (1919). (An abstract of an article in Jour. Ind. Eng. Chem., 14, 8 (1919).) 

R. R. Danielson, ‘‘The Cleaning of Sheet Steel and Iron for Enameling Purposes,” 
2, 883 (1919). (Testing pickling solns, p. 890.) 

E. P. Poste, ‘Manufacture of Enamel Lined Apparatus,”’ 2, 944 (1919). (Methods of 
tech. control, pp. 963-76.) 

Geo. Blumenthal, Jr., ‘Solubility of Boric Acid Frits,’”’ 3, 152 (1920). (Tests on water 
soly.) 

R. D. Landrum and L. J. Frost, ‘‘Titanium Enamels,” 3, 316 (1920). (Reference to 
acid and impact tests, p. 317.) 

J. B. Shaw, ‘‘Fishscaling,” 3, 489 (1920). (Thermal shock tests, p. 493.) 

E. P. Poste, ‘‘Relative Action of Acids on Enamels-IV,” 3, 560 (1920). (Methods 
of prepg. acids and conducting simple, non-lab. tests for acid resist. of commercial 
enameled ware.) 

B. T. Sweely, ‘‘Note on Acid Resistance of Enameled Cooking Utensils,’ 4, 407 
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H. H. Sortwell, “The Solubility and Fusibility of Some Feldspar Frits,” 4, 446 (1921). 
(Methods for testing these properties, p. 448.) 

R. R. Danielson and W. H. Souder, ‘‘The Causes and Control of Fishscaling of 
Enamels for Sheet Iron and Steel,’’ 4, 620 (1921). (Fusion tests for cover coats, p. 626. 
Fusion tests for ground coats, p. 653. Coefficient of expansion tests, p. 629. Tests on 
annealing enameled ware, p. 639.) 

H. F. Staley, ‘Some Relations of Composition to Solubility of Enamels in Acids,” 
4, 703 (1921). (Acid tests on enameled surfaces, p. 710.) 

John S. Grainer, ‘Observations on Factory Control of Fishscaling,” 5, 95 (1922). 
(Settling test for clays, p. 98.) 

B. T. Sweely, ‘Relation of Composition to Thermal Shock in Steel Enamels,’’ 5, 
263 (1922). (Method for thermal shock test, p. 265.) 

E. E. Geisinger, ‘‘Microscopic Study of Ground Coat and Cover Coat Reactions,” 
5, 322 (1922). (The microscope as an aid in factory control.) 

M. E. Manson, “Effect of the Sources of Pig Iron upon the Enameling of Cast Iron,” 
5, 806 (1922). (Use of microscope to analyze casting troubles.) 

B. T. Sweely and E. S. Prince, ‘Relation of Fineness of Grinding to Opacity in 
White Enamels,’’ 5, 855 (1922). (Value of screen tests on enamels.) 

R. R. Danielson and M. K. Frehafer, ‘‘The Effect of Some Substitutes for Tin 
Oxide on the Opacity of White Enamels for Sheet Steel,” 6, 634 4 (1923). (Use of spectro- 
photometer to test opacity, p. 640.) 

E. P. Poste, ‘‘Relative Action of Acids on Enamels.-V,”’ 6, 689 (1923). (Spot test 
for acid resist., p. 693. Other tests for acid resist., p. 694.) 

M. E. Manson, “Use of Bentonite for Suspending Enamels,’’ 6, 790 (1923). (Viscosity 
and settling tests on enamel slips, p. 791.) 

George F. Comstock, ‘Some Causes of Blistering of Sheet Metal Enamels,” 6, 
873 (1923). (Use of microscope to analyze blistering trouble in sheet steel enamels.) 

R. R. Danielson and B. T. Sweely, ‘‘The Relation between Composition and Proper- 
ties of Enamels for Sheet Steel,’’ 6, 1011 (1923). (Expansion tests, p. 1015. Compressive 
strength, p. 1017. Modulus of elasticity, p. 1017. Impact test, p. 1021. Thermal shock 
tests, p. 1026. Acid resist. test, p. 1027.) 

H. G. Wolfram, “Effect of Zirconia in Enamels for Sheet Steel,’’ 7, 1 (1924). (Impact 
test, p. 5. Thermal shock test, p. 9. Acid resist. test, p. 9.) 
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J. T. Robson, ‘‘Comparative Crazing and Chipping of Wet and Dry Process Cast 
Iron Enamels,”’ 7, 563, (1924). 

R. D. Cooke, ‘‘The Plastic Properties of Enamel Slip,” 7, 651 (1924). (Possible use 
of a modified form of the Bingham Plastometer as a test for enameling clays.) 

H. F. Staley, “Suggestions for Developments in Enameling Technology,”’ 7, 719 
(1924). (Coefficient of expansion, p. 720. Mech. strength, p. 722. Widening heat range, 
p. 723. Control of variation in feldspars, p. 725.) 

A. Malinovszky, ‘‘Enameling Defects Due to the Cast Iron,” 8, 72 (1925). (Use of 
microscope to analyze casting troubles.) 

R. R. Fusselbaugh and B. T. Sweely, ‘“‘A Method of Control for Dipping Flat Ware,”’ 
8, 303 (1925). (Screen tests, specific gravity and moisture detns.) 

A. I. Krynitsky, ‘‘Enameling Defects Due to Cast Iron,” 8, 618 (1925). (Discussion 
of article under the same title by A. Malinovszky listed above.) 

H. G. Wolfram and W. N. Harrison, ‘Effects of Composition on the Properties of 
Sheet Steel Enamels,”’ 8, 735 (1925). (Thermal shock tests, p. 738. Impact tests, p. 739. 
Acid resist. tests, p. 739.) 

R. R. Danielson and W. C. Lindemann, ‘‘A Method for Testing the Cross-Bending 
Strength of Enamels,’’ 8, 795 (1925). (Cross-bending tests on enameled metal strips.) 
Compiled from Ceramic Abstracts 

E. P. Poste, ‘‘Enameled-products Research Laboratory,” Chem. Met. Eng., 25, 974 
(1921); Ceram. Abs., 1, 191 (1922). (Lab. equipment and methods of control.) 

S. Mori, “Effect of Variation in Composition of Ground Coat Enamel on its Ad- 
herence to Iron,’”’ J. Jap. Ceram. Assn., 343, 233; 344, 272 (1921); Ceram. Abs., 1, 293 
(1922). 

S. Mori, ‘‘A Study of Vehicles Used in Enameling Slips,” J. Jap. Ceram. Assn., 
352, 630 (1921); Ceram. Abs., 1, 293 (1922). 

Tokiji Uchida and Kazuo Arimoto, “A Study of Acid-resisting Enamels,” The 
Osaka Industrial Lab. Bull., 4 [1], 68 (1923); Ceram. Abs., 2, 240 (1923). (Acid resist. 
tests.) 

Anon, ‘Rotary Spraying Booth Turns out 720 Average Pieces of Enamel Ware 
Hourly,’”’ Ceram. Ind., 2 [6], 353 (1924); Ceram. Abs., 3, 239 (1924). (Description of 
enameling plant operations.) 

E. P. Poste, ‘‘Heat Transmission in Enamel-lined Apparatus,” Ind. Eng. Chem., 
16, 469 (1924); Ceram. Abs., 3, 240 (1924). (Evaporation tests on enameled dishes.) 

Anon., ‘Unique Pickling System—Humidity Driers Cut Costs in Enameling Plant,"’ 
Ceram. Ind., 3 [1], 22 (1924); Ceram. Abs., 3, 260 (1924). (Description of enameling 
plant operations.) 

Anon, “Interchangeable Air System Reduces Operating Costs in Enameling Plant,”’ 
Ceram. Ind., 3 [2], 99-102 (1924); Ceram. Abs., 3, 313 (1924). (Description of enameling 
plant operns.) 

H. F. Staley, ‘‘Principles of Enameling.-I.’’ The Ceramist, 4, 6 (1924); Ceram. Abs., 
3, 336 (1924). (Feldspar control.) 

Otto Rino Angelucci, ‘‘Testing Enameled Objects.”” Giorn. Chim. Ind. Applicata, 6, 
167 (1924); Ceram. Abs., 4, 4 (1925). (Use of an electrolyte and elec. current to show 
defects in enameled surface.) 

J. A. Aupperle and Howard Brooks, ‘‘Development of Sheet Metal for Vitreous 
Enameling,”’ The Ceramist, 4, 294 (1924); Ceram. Abs., 4, 61 (1925). (Methods for con- 
trol of base metal.) 

H. F. Staley, ‘Principles of Enameling.—II,’’ The Ceramist, 4,87 (1924); Ceram. Abs., 
4, 59 (1925). (Feldspar control.) 

H. F. Staley, ‘‘Principles of Enameling—III,’’ The Ceramist, 4, 167 (1924); Ceram. 
Abs., 4, 60 (1925). (Specifications for feldspar.) 
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H.F. Staley, ‘Principles of Enameling.-VI,’’ The Ceramist, 5, 29 (1924); Ceram. Abs., 
4, 61 (1925). (Feldspar control.) 

H. F. Staley, “Principles of Enameling.—VII,” The Ceramist, 5, 96 (1924); Ceram. 
Abs., 4, 61 (1925); (Coeff. of expansion.) 

Compiled from Bulletin of the American Ceramic Society 
“Zirconia Enamels”’ Discussion, 2, 302 (1923). (Elasticity and adherence tests.) 
Compiled from Bureau of Standards Papers 

Homer F. Staley, ‘Materials and Methods Used in the Manufacture of Enameled 
Cast Iron Wares.” Bur. of Stand., Tech. Paper, No. 142. (Complete text on enamels 
and enameling plant methods for dry processing cast iron.) 

J. B. Shaw, ‘‘Enamels for Sheet Iron and Steel,’’ Bur. Stand., Tech. Paper, No. 165. 
(Enamels and enameling plant methods for sheet steel.) 

R. R. Danielson and H. P. Reinecker, ‘‘Wet-process Enamels for Cast Iron,’’ Bur. 
Stand., Tech. Paper, No. 246. (Exptl. studies of enamels for wet-processing cast iron.) 


Appendix D: Factory Control Tests' 
By Bryan A. Rice 


Early in December 1925, letters embodying a set of questions on 
factory control tests were mailed to all members of the Enamel Divi- 
sion. The purpose of the questionnaire was twofold. It was thought 
that a complete list of all factory control methods would be placed 
before the Division and that the popularity of some tests would 
indicate their practical worth in plant operations. 

While this purpose was not entirely defeated, the value of this report 
was rendered much less effective by the lack of coéperation from the 
membership as a whole. At the end of 1924 the Enamel Division boasted 
275 individual and 53 corporation members. These figures undoubtedly 
were increased during the past year. It is not unreasonable to estimate 
that this membership represents more than 125 enameling plants. 
Only 18 replies were received in answer to the questionnaire on control 
tests. 

The above figures would suggest that this Division as a body, is not 
interested in this report. However, the Committee feels that, in 
justice to those who did coéperate, the data collected should be pre- 
sented. 

Control Tests Used 


A brief and rather general description of each control test is given 
below. It must be remembered that this list is compiled solely from the 
18 replies to the questionnaire. 


Ordinary chemical analysis of cast iron or steel, a method for 
which may be found in any textbook on metallurgical chem- 
istry. The constituents commonly determined in cast iron are: silicon, 


Test 1 


! A report on the results of a questionnaire sent out by the Standards Committee of 
the Enamel Division of the AMERICAN CERAMIC SOCIETY. 
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total carbon, combined carbon, graphitic carbon, manganese, sulphur 
and phosphorous; in steel: combined carbon, sulphur and phosphorous. 
Occasionally occluded gases are also determined. 

Test 2 Test pills are used for the determination of the acidity of 
pickling bath. These pills are added to a standard amount of 
acid taken from the bath until the solution changes color. The number 
of pills used indicates directly the percentage of acid present, since the 
amount of sample taken from the pickling bath is standardized for 
use with the test pills by the dealer from whom they are purchased. 
For example: if each pill represented 1% of acid and it required 6 of 
them to change the color of a standard dipper full of pickling solution, 
the acidity of the solution would be approximately 6%. 

Similarly, test pills may be used to determine the amount of iron 

present in the bath and for determination of the alkalinity of the 
neutralizing bath. 
Test 3 The acidity of the pickling bath may be determined by titrat- 
ing with a standard solution of alkali such as sodium hydroxide. 
A measured amount of acid is neutralized by an alkali solution of known 
strength. The amount of alkali solution used may be calculated to give 
the percentage of acid in the pickling bath. 

A similar method may be used to determine the strength of a neutral- 
izing bath using a standard acid solution to titrate the alkali, just the 
reverse of the preceding operation. 

(For more detailed information on the above, refer to “Practical 
Chemical Control of Pickling Solutions,” by B. T. Sweely). 

Test 4 For chemical analysis of raw materials see “Methods of 
Analysis for Enamel and Enamel Raw Materials” by Robert 
D. Landrum.! 

Test 5 Deformation tests are sometimes used to determine whether 
the enamels have been properly mixed and smelted. The 
powdered frit, approximately 200-mesh, is molded into the shape of 
standard pyrometric cones, using water and some binder such as 
dextrin paste. After drying, the cones, inclined slightly from the 
vertical, are mounted on clay plaques. These plaques in turn are dried 
and placed in a small laboratory furnace which has an initial tempera- 
ture of not over 600°F. The temperature is slowly raised, at a rate not 
exceeding 150°F for each 10 minutes interval of time, until the cones 
deform so that their tips are even with their base. The temperature 
at this point is called the deformation temperature of the enamel. 
This is compared with that of a standard enamel to show variations. 
The rate at which the cones deform is also an indication of the viscosity 


1Trans. Amer. Ceram. Soc., 12, 144 (1910). 
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of the enamel providing the time required in raising the temperature 
is always constant. This test also gives an idea of firing temperature 
required. 


Fineness of ground enamel may be determined by sieving a 
known amount of the enamel through a screen and weighing 
the residue. In making this test it is sometimes wise to use a coarse 
screen above the finer one on which the test is to be made, in order to 
catch the very large particles of frit. In any event, conditions of the 
test should be standardized and that practice followed consistently. 

Another test for fineness may be made in this manner: 50 
grams of the enamel slip are weighed and washed into a 
100 cc. glass stoppered, graduated cylinder. An excess of sodium silicate 
is added and the whole made up to 100 cc. with water. The contents 
are thoroughly mixed by shaking a few seconds; the cylinder is placed 
upright and allowed to stand exactly one minute. The frit particles 
settle freely at this dilution, at a rate depending on their size, and form 
a distinct layer at the bottom of the cylinder. The number of cubic 
centimeters of sediment at the end of one minute is an index of the 
fineness of the enamel. The clay remains suspended. The amount of 
sodium silicate constituting an excess must be determined by trial. 
It is more than the amount required to produce the maximum settling 
in the time limit of one minute. 

For further details on this method see “A Fineness Test for Pebble 

Mill Control” by R. D. Cooke.! 

For controlling the set-up of enamel at the dipping tank the fol- 
lowing method is quite generally used. A flat piece of cleaned 
steel, approximately 2 sq. ft. in area, is taken as a standard. It is weighed 
and dipped in enamel which is known, by trial, to have the proper set- 
up. The piece is allowed to drain, and is weighed again. The difference 
in weight before and after dipping is the weight of enamel on the piece. 
This amount of enamel is adopted as the standard desired for future 
dipping operations. The piece of steel is then cleaned and set aside. 
When a fresh batch of enamel is to be set up, the above process is 
repeated, using the same piece of steel and the enamel is varied until 
the standard amount of enamel adheres evenly after draining. 
Test 9 Cross-bending test of enameled steel strips, by varying the 
deflection of steel so that approximate quantitative results 
for comparison of enamels with each other or with a standard, can be 
secured. See ‘Method for Testing the Cross-Bending Strength of 
Enamels” by Danielson and Lindemann.? 


Test 6 


1 The Enamelist, January-February, 1925. 
2 Jour. Amer. Ceram. Soc., 8, 795 (1925). 
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Impact test with a steel hammer on the end of a pendulum 
as described by Danielson and Sweely, “Relations between 
Composition and Properties of Enamels for Sheet Steel.’ 

The above tests are referred to by number in the text which follows: 


Test 10 


Replies to the Questionnaire 
I. Base Metal 


1. Do you have a chemical or metallographic analysis of steel or cast 
iron? How often is it made? 
An analysis of the replies follows: 


No. of firms 
No test 9 
Test 1 (cast iron) 6 (test every heat) 


“ 


1 (tests every 3 heats) 
1 (tests 3 times each week) 
« (steel) 2 


2. Do you make these analyses or are they made by a commercial 
laboratory or by the firm supplying the metal? 
An analysis of the replies follows: 


No. of firms 


Company lab. 3 
Commercial lab. 5 
Dealers anal. 1 


3. What chemical constituents are included in the analysis? Which 
do you consider most important from an enameling standpoint? 
Why? 

The replies to these questions were so varied that nothing definite 
was learned. 

4. If a metallographic examination is used, what compounds do you 
consider important and in what way do you believe they affect the 
enameling? 

No metallographic examinations made. 

5. If any other tests are used for control of the base metals, please give 
them. 

No tests were given which had any bearing on the enameling proper- 
ties of the metal. 


Il. Pickling 


1. Do you use test pills or some method of titration to determine (a) 
acidity of bath or (b) the iron content? If not, how do you determine 
when more acid should be added or the bath renewed? 


1 Jour. Amer. Ceram. Soc., 6, 1021(1923). 
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An analysis of the replies follows: 


No. of firms No. of firms 
Test 2 (test pills) 7 Judged by experience 1 
Test 3 (titration) 5 No pickling 


2. If an alkali bath is used either to remove grease before pickling or as 
a rinse after pickling, how is its strength controlled? 
An analysis of the replies follows: 


No. of firms No. of firms 
Test 2 (test pills) 3 No pickling 5 
Test 3 (titration) 5 No reply 1 
Judged by experience 4 


III. Enamel Preparation 


1. What raw materials are controlled by analysis? Is this analysis 
made by you or furnished by the dealer? 
An analysis of the replies follows: 


No. of firms No. of firms 
Analysis of feldspar 7 (dealer) Analysis of barium carb. 1 (company) 
6 (company) Moisture in borax 4 
. “ clay 2 (dealer) . “ soda ash 3 
« “ silica 1 (dealer) - “ nitrates 2 


“ fluorspar 1 (company) 


2. Is smelting a time-temperature proposition or is some test used to 
determine the maturing point of the batch? Is the smelter equipped 
with a pyrometer or is temperature judged by burner setting? 

An analysis of the replies follows: 


No. of firms No. of firms 
Time-temperature 4 No pyrometer 11 
Judgment of operator 12 Pyrometer 6 
No smelters 2 Test 5 (deformation) 2 


3. Is grinding controlled by time, a revolution counter, or both? Is 
fineness of grinding checked by screen test and if so is this test made 
on each grind or at intervals such as once a day or once a week? 
An analysis of the replies follows: 


No. of firms No. of firms 
P No grinding 1 Continuous grinding 1 
} Controlled by time 8 Tests 6 (screening) 15 
Revolution counter 4 Test 7 (settling) 1 
Both 4 No fineness test 1 


4. What method is used to insure proper set-up such as specific gravity, 
viscosity, weighing standard piece before starting the day’s run? 
An analysis of the replies follows: 
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No. of firms 
Test 8 (weighing standard piece) 8 
Judgment of operator 7 
Dry process (no test necessary) 3 


IV. Firing 


1. Are furnaces equipped with pyrometers? 


An analysis of the replies follows: 
No. of firms 


Equipped with pyrometers 15 

No pyrometers 2 

Frequent readings with optical 1 
pyrometer 


2. Is firing based on a strictly time-temperature control or based largely 
on eye judgment? 
An analysis of the replies follows: 


No. of firms 
Time temperature 6 
Eye judgment 6 
Both 6 


V. Finished Ware 


1. What tests are used on the finished ware for acid resistance, adher- 
ence, crazing, or shivering? 


An analysis of the replies follows: 
No. of firms 


No tests 13 
Test 9 (cross-bending) 1 
Test 10 (impact) 1 


One reply suggests a crude hammer test made by striking 
the enameled surface and observing type of failure produced. 
Not accurate enough to obtain comparative results. 


One company tests for crazing by subjecting a specially 
shaped enameled test piece to combined heating and cooling. 
They admit that results are not satisfactory due to varying 
conditions which cannot be accurately controlled. 


One firm tests each batch of enamel by boiling acid for a 
certain length of time in a test cup and judging the acid resist- 
ance by visual observation of the surface exposed to this 
treatment. 


VI. 


Of control tests used, which do you consider most essential in insuring 
a smoothly running enameling plant? 
The replies are given in Table II. 
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Answers to this question were so varied that a report is difficult. Some 
suggested all tests, others mentioned two or three. In Table I below, the 
number of times each test was mentioned is counted. For example, 
if a reply cited “‘all tests’? each control method reported from that 
company received one vote. 


TABLE I* 
Popularity Order 
votes of 
importance 
Base metal control 3 
Pickling bath control 
Raw material control 
Smelter control 
Grinding control 
Setting-up control 
Firing control 11 
Finished ware tests 3 


* A definition of “‘control,’’ as used in this and following tables is: The employment 
of some mechanical or chemical means whereby one or more factors in a particular 
enamelirig operation becomes fixed so that, by eliminating this variable greater ease in 
duplication of conditions becomes possible. 

For example, the use of a pyrometer on smelters or firing furnaces fixes definitely 
the factor of temperature and so becomes a method of control. In the same manner a 
fineness test is a method of controlling grinding of enamels. 


Discussion 


The relative importance of methods of control, as listed in Table I 
under Question VI, are somewhat misleading. Some replies are from 
plants doing dry process work and these make no reports on pickling 
or setting-up. (The fact that these dry process plants use wet process 
for ground coats is either forgotten or no tests for fineness, etc., are 
used.) Some plants buy enamels already fritted or milled and no 
reports on smelting or enamel raw materials are made. 

These discrepancies make it desirable to try to study the replies to 
Question VI from a different angle. Numerically, firing control 
stands highest in importance with 11 votes. Referring back to Question 
IV, 16 plants control firing with pyrometers. Therefore, dividing 
11 by 16 gives approximately 69% of the users who feel this control is 
quite essential. On the same basis, 8 plants control setting up (Question 
III-4) of which 6 believe it quite essential or dividing 6 by 8, 75%. 
From this method we find that the setting-up control is considered 
more important than firing control when the vote is confined to the 
users of each. Figuring on this basis we have prepared the chart below 
to give an approximate idea of the importance with which the users 
regard each control test. 
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TABLE II 
Number of Numerical 
users importance by votes 


Smelter control 6 100 
Setting-up control 8 75 
Base metal control 10 70 
Firing control 16 69 
Finished ware tests 5 60 
Grinding control 16 56 
Pickling bath control 12 33 
Raw materials control 13 31 


Per cent 
importance 


No definite control test for smelting was given and the number of 
users (6) listed above is taken from the number who control smelting 
temperatures by pyrometers. These figures are open to criticism and 
they may or may not be of any great significance. However, the fact 
remains that those who use pyrometers consider smelting control to 
be of importance. 

The high percentage for finished ware tests may be due to the fact 
that so few use them. 

Aside from the two controls mentioned above, setting-up seems to 
be most important in the minds of the users and is probably rightly so. 

It is also worth while to note the high position of “base metal con- 
trol.”” This is probably due to the fact that a large number of replies 
were from plants engaging in the enameling of both steel and cast iron. 
The composition of cast iron is generally controlled by the enameling 
plant while that of steel has been well standardized by the steel 
manufacturer. 

It might be well to call attention to the very sharp drop from grinding 
control and finished ware tests to pickling bath control and analysis of 
raw materials. The last two seem relatively unimportant in the opinions 
of the users. 


TABLE III 


Possible Actual Popularity Order Possible Actual Popularity Order 
users users (percent) users users (per cent) 


Test 1 
(Analysis of 
metals) 

Test 2 

(Test pills) 
Test 3 
(Titration) 
Test 4 
(Analysis raw 
materials) 
Test 5 
(Enamel 
deformation) 


Test 6 

(Screen test) 17 
Test 7 

(Settling test) 17 
Test 8 

(Weighing 
standard piece) 
Test 9 

(Cross- 

bending) 

Test 10 


15 88 


1 
18 9 50 5 
1 6 9 ‘ 
13 7 54 3 
«4 
16 13 81 2 1 7 7 
1 7 7 
16 2 13 8 
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To give an idea of the popularity of certain tests, Table III is given. 
This has been prepared as follows: 

The first column indicates the possible users as based on the 18 replies 
received. It excludes those who could not use the test, such as the 
setting-up tests for dry process enamelers or the smelter tests for those 
who buy enamels already smelted. 

The second column lists actual users. 

The third column indicates popularity of the test based on possible 
users. Thus, if it were possible for all 18 to employ a certain method 
and but 9 were actual users, 50% would be the popularity figure. 

The tests used are those described early in this report. 

The popularity of Test 4 is undoubtedly due to the ease of obtaining 
an analysis of raw materials from the dealers. How much this informa- 
tion is used is a question, but not often if Table II is properly indicative 
of values. 


TABLE IV 
Possible Actual Popularity 


users s (per cent) 

Grinding Control 17 94 
Pickling Bath Control 13 92 
Firing Control 18 89 
Raw Materials Control 16 81 
Setting-up Control 15 53 
Base Metal Control 18 50 
Smelter Control 16 37 
Finished Ware Tests 18 28 

Table IV is designed to give comparisons similar to those in Table III 
except that it is based on operations controlled, as listed in Table I, 
rather than on the tests used. Possible users are again compared with 
actual users and a popularity figure given in percentage. Obviously 
some of the figures obtained in Table III will be repeated. 

Again analysis of raw materials occupies a high position probably 
due to ease of obtaining analyses. 


Summary 


This is not intended to be a complete résumé of the report but is 
rather a survey to call attention to some of the outstanding features. 

The method of weighing a standard piece to control setting-up (Test 
8) deserves ‘mention. According to Table II, 75% of the users of this 
test declare it to be most essential. Referring to Table III, only 53% 
of possible users have adopted this method of control. Is this due to 
lack of familiarity with the test or have the others tried it and found 
objections to its use? It seems well to emphasize that this is the only 
test for setting up that has gained recognition as being of practical 
value in plant control. 
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Remarks on the great popularity of enamel raw materials control 
compared to its low position as regards importance, will bear repetition 
(compare Table II with Table IV). As stated before, this is probably 
due to the ease with which analysis may be secured from dealers. The 
importance of the information as applied to enamel control is not very 
great according to Table II. Is the information actually used and is it 
merely relatively unimportant when compared with other control 
tests? It might be well to warn the user that analyses furnished by 
dealers do not always represent his, the user’s, shipment but often are 
typical analyses of run-of-mine. 

The low position of finished ware test in the popularity list (Table 
IV) and its relatively high position in importance as judged by the user 
(Table II) should receive more than passing attention. 

Why is Test 7 so little used? It seems to be a rapid method of 
obtaining fineness of the ground enamel. Is its lack of popularity due 
to lack of familiarity with the method or is there some fundamental 
objection to its use? Those who have found a test feel it is rather 
important. Do the majority of enamelers feel that a finished ware test 
is of no value or have they been unable to find one that is practical to 
use and which will give satisfactory results? One reply to Question V 
stated ‘““We know of no test that proves anything.” 

There seems to be no absolute test which is used to control smelting. 
Either such a test is of no value or, more likely, no test has been devised. 
The thread test used by most enamelers depends on the judgment of 
the operator. The deformation test (Test 5) is merely a check on the 
frit and is not an aid toward determining the maturing point of the 
enamel during the actual smelting operation. The fact that smelter 
control heads the list in Table II has been discussed. 

Pickling bath control is almost universally used. Its importance is 
judged low in Table II but it must be remembered that all values in 
that table are relative and the pickling control suffers only in com- 
parison with the others. 

Grinding and firing controls seem to keep well to the top of each list. 
They are generally acknowledged as important and are used by all but 
one of the plants represented by the replies to the questionnaire. 


Conclusion 


It has not been our purpose to recommend any test or method of 
control but we have endeavored to place before the Division a complete 
list of those in use and bring out the importance of each. 

In spite of the fact that this report is based on replies from only 
18 enameling plants we feel that the data are representative of progress 
in factory control. Progressive plants are the ones that employ such 
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methods and, also, progressive plants are the ones that realize the 
benefits to be obtained from giving and receiving information such as 
was contained in responses to the questionnaire. So we believe that our 
18 replies express the best enameling practices. 

If this report brings out discussions which will add to our present 
information or act as an incentive to further work along this line and 
the development of new tests, it will have served its purpose. 

There is another question which was entirely overlooked in pre- 
paring the questionnaire and might be worthy of including in the 
discussion if there is one: “‘How many firms control variations by 
mixing two or three different shipments or analyses of feldspar?’ 


. 
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NEW MEMBERS RECEIVED FROM MARCH 16 TO 
APRIL 15 


PERSONAL 


Peter Anderson, ‘‘Fairhaven,’’ Ocean Springs, Miss. Starting Pottery. 

Grant S. Diamond, 42 Horton Place, Buffalo, N. Y. Chemist, Electro Refractories Corp. 

Redfield T. Dinwiddie, Metuchen, N. J. Manager Ceramic Oil Burning Division, 
W. N. Best Corporation. 

W. Drew Ford, Kingston, Mass. C. Drew and Co. 

Frederic A. Hough, 1346 Locust St., Pasadena, Calif. Research Engineer, Southern 
Counties Gas Company of California. 

Kenneth Johnson, U.S. Bureau of Mines, Univ. of Washington, Seattle, Wash. junior 
Chemist. 

Chas. B. McCloskey ,430 Fulton Bldg., Pittsburgh, Pa. Representative of Pittsburgh 
Office of The Roessler & Hasslacher Chemical Co. 

Raymond W. Morgan, 106 W. Green St., Champaign, Ill. Student. 

Harold S. Nash, 15 Mary St., Port Jervis, N. Y. Assistant Manager, The Foskett Co., 
Inc. 

G. D. Phillips, Portville, N. Y. Olean Tile Co. 

H. F. Roessler, Roessler & Hasslacher Co., Perth Amboy, N. J. 

David R. Thomas, Tennille, Ga. Railroad Development Agent. 

Clyde L. Thompson, 513 W. Oregon St., Urbana, Illinois. Student. 

A. Zoellner, Managing Director, Rosenthal China Factory, Marktredevitz, Bavaria 
Vice President, German Ceramic Society. 


CORPORATIONS 


B. Mifflin Hood Brick Co., 154 Greenwood Ave., Atlanta, Ga. J. W. Thomas, Vice. 
President. 

Malleable Iron Range Co., Beaver Dam, Wis., Frederick W. Rogers, Representative. 

States Experimental Institute of Silicates, Moscow, Russia. Scientific-Technical 
Institute. 


MEMBERSHIP WORKERS’ RECORD 


Personal Personal Corporations 
C. F. Geiger 1 T. N. McVey 1 
H. J. Knollman 1 E. deF. Curtis 1 
W. Malsch 1 B. Mifflin Hood 
C. W. Parmelee 1 F. W. Rogers 
M. M. French 1 Office 


Total 14 


COMMITTEE APPOINTMENTS ANNOUNCED 


The following Committees for the AMERICAN CERAMIC Society for 1926-27 have 
been appointed. The Division and Local Section officers and committee personnel appear 
from month to month in the Journal. 
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ACTIVITIES OF THE SOCIETY 


Membership Committee 
B. Mifflin Hood, Chairman, Mifflin Hood 
Brick Co., Atlanta, Ga. 
E. deF. Curtis 
Wm. Hogenson 
H. H. Blau 
G. A. Bole 
S.S. Cole 
J. R. Bowman 
G. Blumenthal 


Committee on Research 

A. F. Greaves-Walker, Chairman, North 
Carolina State College, Raleigh, 
N. Car. 

F. H. Rhead 

H. F. Staley 

E. W. Tillotson 

F.G. Jackson 

M. F. Beecher 

W. L. Howat 

S. J. McDowell 


Committee on Standards 

A.S. Watts, Chairman, Lord Hall, O.S.U., 

Columbus, Ohio. 
E. P. Poste 
A. R. Payne 
A. V. Henry 
Hewitt Wilson 
S. M. Phelps 
J.S. McDowell 
R. N. Long 
H. Spurrier 
R. F. Geller 

Committee on Education 

W. Keith McAfee, Chairman, Cambridge 

Sanitary Mfg. Co., Cambridge, Ohio. 
Edna P. Carson 
B. A. Rice 
A. Silverman 
A. P. Potts 
A. S. Watts 
E. C. Hill 
A. V. Bleininger 


Committee on Data 


C. W. Parmelee, Chairman, University of 
Illinois, Urbana, III. 

Margaret Cable 

T. D. Hartshorn 


J. T. Littleton 


R. E. Arnold 
T. A. Klinefelter 


E. J. Casselman R. Twells 


MINUTES OF MEETING OF GLASS DIVISION 


At the business meeting of the Glass Division held at Atlanta, February 10, 1926, 
the Chairman, A. Silverman, presented a request from the Arbitration Foundation for 
affiliation with that organization. The Arbitration Foundation is an organization whose 
purpose is to develop educational work, to avoid duplication of effort, and to become 
a central bureau of information ‘‘at which records of pertinent facts may be gathered 
and to which inquiries may be addressed by individuals or local bodies.’’ By vote of the 
Division this was referred to the parent Society for action. 

Dr. Silverman called attention to the fact that the proposed specifications for silica 
sand for glass making had been submitted by letter ballot to the members of the Division 
and that the number of replies had been exceedingly small. He requested that the 
members give this matter serious consideration and get in their replies. 

The attention of the members was called to the possible need of a memorial to 
Messrs. Libbey and Owens, who recently died, and various proposals were made for a 
suitable memorial. Mr. Flint moved that photographs of each, and a properly prepared 
appreciation be published in the Journal; seconded by A. R. Payne. This motion was 
amended to include Mr. Arbogast. The Committee to do the work was to be appointed 
by the Chairman. 

A proposal to accept editorials for the Journal, based on the promise of advertising 
material for the Journal, was disapproved without vote. 


1 Annual Meeting, AMERICAN CERAMIC Society, Atlanta, Ga., Feb. 10, 1926. 
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Dr. Silverman suggested the advisability of preparing a bibliography on the subject 
of glass. It was moved by Mr. Flint to appoint a committee to investigate the possi- 
bility of preparing such a bibliography, and to solicit funds if needed. This action was 
approved. 

The subject of standards was discussed and it was finally decided by the Division 
that the initial step in this line should be relative to methods of analysis of raw products 
and glass. It was the consensus of opinion that this matter should be referred to the 
Committee on Standards as subject for their major efforts. 

A vote of appreciation to the Atlanta Convention Bureau, through Mr. Fred Houser, 
was approved. 

The election of officers followed, at which F. C. Flint was unanimously elected 
Chairman, C. H. Modes, Vice Chairman, and A. N. Finn, Secretary. 

A motion was then approved to recommend to the General Secretary that there be 
a stated annual meeting of Chairman, Secretaries, and Councillors to discuss the general 


policy and activities of the Society as seen from their point of view. 
A. N. Finn, Secretary 


NEWS FROM THE LOCAL SECTIONS 


Minutes of the Meeting of the St. Louis Local Section! 


The members of the St. Louis Section met on March 24 at the Buckingham Hotel: 
Following dinner, the meeting was called to order by Chairman Bausch. 

Judge Hugo Grimm, on the subject of ‘‘Ruminations” gave an entertaining and 
instructive discussion on the function of our courts. He told in particular of the 
fallacies of our laws in respect to technicalities, also telling of the limitations placed 
upon our judges in giving their instructions to the juries. Judge Grimm emphasized the 
fact that the way to remedy the situation was for the average citizen to take a deeper 
interest in these matters and send representatives to the Legislature who would vote 
for repeal of laws that are so obviously wrong. 

Joe Kruson, of the A. P. Green Fire Brick Co., spoke for J. Harrison Brown, telling 
of the work that has been done toward obtaining a Ceramic School at the Rolla School 
of Mines. This course seems practically assured with an enrollment of at least twelve 
students for this coming year. 

A. S. Langsdorf, formerly dean of Washington University, told of plans now being 
formulated for instituting at Washington University a Department of Industrial 
Research, which would work along the same lines as Mellon Institute in serving all types 
of industries. 

Following the speakers’ program, election of officers was held, and a unanimous vote 
was cast for J. L. Crawford, Laclede-Christy Clay Products Co., Chairman; C. C. Lak,e 
Parker-Russell M. & M. Co., Secretary; H. W. Perry, Laclede-Christy Clay Products 
Co., Treasurer, and F. E. Bausch, Councillor and Vice Chairman. 

The St. Louis Section has been approached by the Joint Smoke Abatement Com- 
mittee of St. Louis toward representation on this Committee, and Messrs. Bausch and 
Perry were appointed to serve on this Committee as representing the Local Section of 
the Society. 

It was voted that Mr. Crawford should represent the Local Section on the committee 
which has been organized toward working out plans for the ceramic course at Rolla. 


1 L. C. Hewitt, Secretary. 
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Mr. Bausch also told of the opportunity which has been afforded the Local Section 
for affiliation with the Engineers’ Club of St. Louis, and it was voted that Mr. Bausch 
should make application for uniting with this Club and report further details at next 
meeting. 

Those present were: Judge Hugo Grimm, Grimm and Grimm, Lawyers; J. H. 
Kruson, A. P. Green Fire Brick Co.; A. S. Langsdorf and W. E. Remmers, Washington 
University; F. E. Bausch, Frederick E. Bausch; L. C. Hewitt, H. W. Perry, C. D. Green, 
D. L. Moodie, J. L. Crawford, H. E. Johnson, and L. H. Blue, Laclede-Christy Clay 
Products Co.; F.S. Prevratiland Y. R. Anderson, Evens and Howard; Fred H. Schwetye, 
Missouri Fire Brick Co.; Geo. M. Parker, and C. C. Lake, Parker-Russell M. & M. Co.; 
W. D. Thompson and C. B. Kentnor, Jr., Laclede Gas Co.; A. J. Huston, Surface 
Combustion Co.; C. G. Hinrichs, Hinrichs Laboratory; W. Aulepp, H. W. Weber and 
A. W. Buckingham, Russell Engineering Co. 


Pittsburgh Section Meeting! 


The Pittsburgh Section held its regular monthly meeting March 24, 1926. The 
following officers were elected for the ensuing year: E. J. Casselman, Mellon Institute, 
Chairman; C. E. Fulton, Pittsburgh Plate Glass Co., Tarentum, Pa., Vice Chairman; 
G. R. Pole, Mellon Institute, Treasurer; and C. H. Geister, Mellon Institute, Secretary. 

An interesting paper, ‘“‘The Development of Drawing Sheet Glass as Shown by 
Patent Office Records,”’ was given by J. W. Cruikshank of Cruikshank Engineering Co., 
and Ex-Chairman of this Section. 


Baltimore-Washington Section Meeting’ 


The Baltimore-Washington Section held a meeting in Baltimore, April 10. Twenty- 
nine members were present at the dinner which was held at the Emerson Hotel. 

The program was opened by a talk on ‘“‘Some Fundamentals of Clay Drying,” by 
W. H. Wadleigh, who is in immediate charge of the ciay drying investigation at the 
Bureau of Standards. The speaker discussed especially the relation of shrinkage and 
drying injuries to rate of water flow in a drying clay body, and described a new method 
which he has devised for determining this relation. The ultimate causes of drying 
injuries were discussed and finally reduced to one, an excessive shrinkage gradient. The 
results of tests on two easy drying and on two difficult drying clays were presented with 
graphs showing water velocity and shrinkage relations in each clay. 

Mr. Wadleigh mentioned some of his recent observations indicating that brick 
made up by hand, without pressure, can be dehydrated with far less drying injuries than 
is the case where clay of the same batch is made into bricks by using a brick press which 
subjects the clay to a high pressure. A theoretical explanation only was offered. 

The second speaker was Henry N. Hanna of the Products Sales Co. of Baltimore. 
Mr. Hanna gave an address on the mining and uses of feldspar. The one point which 
he brought out most forcibly was that the glass maker, enameler, pottery manufacturer, 
etc., should not all try to use the same feldspar but that each one should have specifica- 
tions of his own and buy his feldspar accordingly. 

The program closed with a talk by H. G. Wolfram of the Bureau of Standards on 
the work of the Enamel Section of that Bureau. Mr. Wolfram carefully outlined the 
different investigations which were under way and gave some of the results so far 
obtained. 


1C. H. Geister, Secretary. 
2 D.H. Fuller, Secretary. 
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The following officers were elected to serve for the coming year: A. N. Finn, Bureau 
of Standards, Chairman; Richard Turk, Porcelain Enamel and Mfg. Co., Vice Chairman; 
Clarence B. McComas, Carr Lowrey Glass Co., Secy.-Treas.; D. H. Fuller, Bureau 
of Standards, Councillor; B. T. Sweely, Baltimore Enamel and Novelty Co., Member 
of Nominating Committee. 


CERAMIC DAY AT ASSOCIATION OF CHEMICAL EQUIPMENT 
MANUFACTURERS’ EXHIBIT 


Northern Ohio Section in Joint Meeting, May 13 


Thursday, May 13 has been set aside as ceramic day at the exhibit of the Association 
of Chemical Equipment Manufacturers which will meet in Cleveland. 

Ross C. Purdy, Secretary of the AMERICAN CERAMIC SOCIETY, will preside at the 
meeting which will open at 10 o’clock. Two papers on ceramic subjects will be presented 
and discussed. This meeting is designated as the spring meeting of the Northern Ohio 
Section of the Society. A banquet will be served to the members in the evening. 

The Association will hold its own meeting on the same evening. 

Invitations are being sent to members of the Society within a radius of several hun- 
dred miles of Cleveland and it is hoped that all members of the Society who can arrange 
to attend this meeting will be present. 


NOTES AND NEWS 
AMERICAN REFRACTORIES INSTITUTE MEETING 


The Annual Meeting of the American Refractories Institute will be held in Phila- 
delphia, Pa., on May 12, at the Bellevue-Stratford Hotel. Plans are under way to have 
a number of papers presented by technical and practical men of the industry, and floor 
discussions of these papers will be invited. In addition, several prominent speakers will 
be asked to talk on topics of the day. Those who attend the meeting should plan to stay 
for dinner in the evening. Non-members are invited to attend both the business session 
and banquet. 


PROGRESS REPORT ON INTERNATIONAL CRITICAL TABLES 


The typesetting of Volume I of International Critical Tables has been completed. 
The book will go to press at an early date and is scheduled for publication on or before 
May 1, 1926. Part of the manuscript for Volume II is now in the publishers’ hands and 
the work of completing the manuscripts of the remaining three columns is well advanced. 

It is the hope of the Editors and Trustees that the entire five volumes will be ready 
for distribution within two years. 

The National Research Council has arranged for a special prepublication subscription 
price to members of technical societies. This privilege of purchasing the set of five 
volumes at $35.00 (payable at the rate of $7.00 per volume as the volumes are issued) 
will be terminated upon publication of Volume I. Thereafter the price will be’ $60.00 
for the set. 

If you have already forwarded your order for International Critical Tables to the 
National Research Council and it has in turn been acknowledged by the McGraw-Hill 
Book Company, Inc., who have been chosen as the publishers of this work, do not 
duplicate your order. 

If you have not subscribed and desire to take advantage of the prepublication 
privilege, please note that your order must be sent to the National Research Council 
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prior to the publication of Volume I. This announcement comes from E. W. Washburn, 
Chairman, Board of Editors, and George P. Adamson, Chairman, Board of Trustees. 


MELLON INSTITUTE BULLETINS 


Mellon Institute of Industrial Research announces the availability of a list of the 
bulletins, journal contributions, and patents by members of the Mellon Institute during 
the year 1925. This is a bibliographic series and fourth supplement to Bulletin No. 1. 
Copies will be forwarded gratis to all readers. 


ST. LOUIS DISTRICT ENAMELERS HOLD ANNUAL MEETING! 


The Annual Meeting of the St. Louis District Enamelers’ Club was held at the 
American Annex Hotel with dinner preceding on March 30. 

Twenty-nine members attended. R. D. Landrum, of the Titanium Alloy Mfg. Co., 
was the principal speaker of the evening, speaking on ‘‘Enameling Then and Now.” 
Mr. Landrum said, ‘‘The greatest difference between enameling then and now is that 
in 1904 the enameler stood utterly alone. Today he is a member of a real brother- 
hood, giving that wonderful word fullest depth to every meaning it implies.”’ 

He also brought a message from the Board of Trustees of the AMERICAN CERAMIC 
Society, in which he said: ‘In creating this Enamelers’ Club, you have started some- 
thing that will have far reaching results. You have put your fingers on a means of over- 
coming the only bad effect of our ever-increasing size. The idea is so good that it will 
be used by all the Divisions of the Society.” 

The new officers elected are: F. J. Stretch, Koken Co’s. Inc., President; Frank Kehl, 
Brilliant Sign Company, Vice President; Miss Marie Regnier, Silica Enamel Sign Co., 
Secy.-Treas. 

The retiring President, C. S. Houpt, addressed the Club. An excellent musical 
program was given. 

Application for membership of four new applicants was reported by the Membership 
Committee, this number bringing up the membership of the Club to forty-eight. 


RESEARCH FELLOWSHIPS IN METALLURGY AND MINING 


The School of Mines and Metallurgy, University of Missouri, offers four fellowships 
in codperation with the U. S. Bureau of Mines and State Mining Experiment Station. 
Graduates with the equivalent of a B.S. degree and with proper training in mining, 
metallurgy, or chemistry are qualified to undertake research work. The income of each 
fellowship is $800 per annum for the twelve months beginning July 1, 1926. The follow- 
ing subjects will be studied, (1) Metallurgy of Zinc, (2) Refractories for Metallurgy of 
Zinc, and (3) Physical Metallurgy (heat treatment of steel). Applications will be 
received up to June 15, 1926, by the Director, School of Mines and Metallurgy, Univ. of 
Mo., Rolla, Mo. 


SOCIETY OF GLASS TECHNOLOGY 


A very full program was carried through by members of the Society of Glass Tech- 
nology at their meeting in Stourbridge on March 17. During the morning a visit was 
made to the Coalbournhill Glass Works of Messrs. Thomas Webb & Corbett, Ltd., 


1 Marie Regnier, Secretary. 
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where members were shown the methods of production of different kinds of tableware, as 
well as different types of decoration, such as cutting, intaglio, engraving and etching. In 
the show room there were on view some magnificent specimens of English crystal glass- 
ware. 

Members subsequently proceeded to the house of Philip J. Pargeter, where they 
were privileged to see his fine collection of glassware, including two unique samples of 
the craftsmanship of the late John Northwood, namely, the reproduction of the famous 
Portland Vase, and a work of original design and execution, the Milton Vase. 

The President, T. C. Moorshead, presided at luncheon in the Talbot Hotel, Stour- 
bridge. A large and representative gathering of members welcomed, as guests, R. L. 
Mathews (Mayor of Stourbridge), and J. S. Williams-Thomas and W. H. Stuart, the 
two eldest leaders of the Stourbridge glass industry. 

At the afternoon meeting President Moorshead presided. Three papers were pre- 
sented, as follows: (1) “The Flashing of English Crystal by Cobalt Blue Glass,”’ by 
W. E. S. Turner and F. Winks. Prof. Turner referred to the erroneous notion that 
successful flashing depended only upon the thermal expansion of the two glasses being 
nearly equal. The development of stress in glass depends also on, (a) the rate at which 
the viscosity changes as the metal cools down, and (b) the rate at which the glass loses 
its heat. 

In the course of the investigation, two sets of glasses were made, the one soda-lime 
glasses, the other potash-lead oxide glasses. The amount of cobalt oxide added varied 
from 0 to about 4%. In both series, the effect of the cobalt oxide was to modify the 
thermal expansion only slightly, namely, about 3 or 4%. Cracking in the flashing process 
was probably due to a difference in the rate at which the blue and colored glass cooled 
off, or absorbed and lost heat. In experiments at the furnace it was found that the rate 
of setting increased (that is, the working range decreased) as the amount of cobalt oxide 
increased. 

(2) ‘‘Some Notes on the Use of Silimanite in Glass Works Practice,”” by A. Cousen 
and W. E. S. Turner. This paper was presented by Prof. Turner who stated that silli- 
manite showed up best under high temperature firing. Some of the uses to which silli- 
manite had been applied, with good results, in glass works practice were: (a) for pot or 
potettes; (b) for lining the sieges of furnaces; (c) for gates for damming the flow of glass 
in the Danner tube-drawing machine, and also in a flow-feeder type of machine, at the 
back of the forehearth of the furnace; (d) for pot-rings; (e) in the form of slip or paste 
in the stacks from regenerators in furnaces. 

(3) “Some Remarks upon Recuperative Gas-Fired Furnace Practice,”” by Percival 
Marson. This paper was read for Mr. Marson by F. G. Clark. Attention was first of all 
directed to the importance of the provision of suitable hard-fired and well shrunk 
refractory materials for the construction of the furnace chamber and its siege. The best 
and cheapest form of siege was one made up with ground potsherds admixed with the 
least proportion possible of plastic binding clay, tamped in situ, with a superficial 2-inch 
layer of sillimanite or andalusite material bonded with 8% of refractory ball clay. The 
design of the glass pocket was another feature calling for the careful consideration of 
the purchaser. One very successful design of glass pocket has a ternary air inlet which 
gives sufficient or partial combustion to the gas passing towards the main secondary 
air stage, thus keeping the pocket at a suitable temperature which enables the pocket 
to be emptied in a few minutes. 

A self-contained furnace with a step grate producer has many points in its favor 
on account of its simplicity, low initial cost and maintenance cost as compared with a 
producer plant built away from the furnace. In addition, its efficiency was remarkably 
good, and although the externally built producer enabled the production of better gas it 
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entailed a considerably greater amount of labor and precaution in working when con- 
nected up with pot furnaces. 

Pot failures could be classified as due to (1) the composition and nature of the pot 
clay mixtures, their manufacture and annealing; (2) faulty methods of operating the 
furnace or bad furnace design; (3) the method of treating the pot and the design or 
shape of the pot itself. 

Two other papers were listed but not read: (a) ‘The Effect of Chlorides on the 
Melting and Working of Potash-Lead Oxide-Silica Glasses,” by Edith M. Firth, F. W. 
Hodkin, Constance M. Muirhead, M. Parkin and W. E. S. Turner. (0) ‘‘The Production 
of Opalescence by Chlorides in Potash-Lead Oxide-Silica Glasses,”” by Edith M. Firth, 
F. W. Hodkin, Constance M. Muirhead and W. E. S. Turner. 


CALENDAR OF CONVENTIONS 


AMERICAN CERAMIC SOCIETY 


Summer Meeting June, 1926 Philadelphia, Pa. 

Feb. 14-19, 1927 Detroit, Mich. 

Northern Ohio Section............ May 13 Cleveland, Ohio 
Amer. Foundrymen’s Assn............. Sept. 27, 1926 Detroit, Mich. 
Oct. 11-14, 1926 Atlantic City, N. J. 
Amer. Inst. Chem. Engrs............... June 21-23, 1926 Berlin, N. H. 
Amer. Mining Congress................ December, 1926 Washington, D. C. 
Amer. Refractories Inst................ May 12, 1926 Philadelphia, Pa. 
Amer. Soc. Mech. Engrs................ Dec. 6-9, 1926 New York City 
Amer. Soc. Testing Materials........... June 21-26, 1926 Atlantic City, N. J. 
Assn. Chem. Equipment Mfrs........... May 10-15, 1926 Cleveland, Ohio 
Assn. Iron and Steel Mfrs............... May 31-June5, 1926 Chicago, Ill. 
Chamber of Commerce of U.S........... May 10-13, 1926 Washington, D. C. 
Manufacturing Chemists’ Assn.......... May or June, 1926 Near New York City 
ee Oct. 20-22, 1926 New York City 
Natl. Assn. Stove Mfrs................. May 12-13, 1926 New York City 

Ind. 

Natl. Safety Council... ..... Oct. 4-9, 1926 Detroit, Mich. 
Natural Gas Assn. of Amer.............. May 17-20, 1926 Tulsa, Okla. 
N. J. Clayworkers’ Assn................ June, 1926 Trenton, N. J. 
Ohio Ceramic Industries Assn........... Oct., 1926 Columbus, Ohio 


Stained Glass Assn. of Amer............ May 12-14, 1926 


Washington, D. C. 


AMERICAN CERAMIC SOCIETY 


LARGE CANADIAN ENAMELING PLANT 
USING BATTERY OF 
U.S. ROTARY ENAMEL SMELTING FURNACES 


Te SHEET Meta Propucts Co. than” 


COPPER 


TORONTO, Hovember 2204.1 924 


fhe 0.3. gust ting Parnace Co. 
Belleville 


Years of 


Please quote ae on Linings for #4 B Effi ° t Service 


Wo have been using your Guelting Purmaces to 
very good advantage for some years 


ry uniform frite for our high grade Bnameleé 


ent coving in fusl ane, they hove Vi Uni 
deen found at and re sis to make re tai ery niform 


tate — ott: Frits at a Saving 
Yours very trely, in Fuel, Labor 


TES SHEST METAL PRODUCTS CO. OF ee, LIMITED and Time 
ng agent. 


A Valuable 
Addition 


SIZES AND CAPACITIES 


No. 1 No. 2 No. 3 No. 4 No. 4-B 
60 Ib. 150 lb. 350 Ib. 750 lb. 1200 Ib. 


Description, Photographs, Specifications and Prices Mailed Promptly 


THE U. S. SMELTING FURNACE CO. 


BELLEVILLE. ILLINOIS, U. S. A. 


(When writing to advertisers, please mention the JOURNAL) 


| 


JOURNAL OF THE 


The South Needs 


ELECTRICAL PORCELAIN 
PRODUCTS MANUFACTURERS 


Here in Georgia and other Southern States are raw materials used for 


Electrical Porcelain Products manufacture, 


in abundance, that are at 


present hauled to the ceramic centers of the north in order to be shaped 
into finished products for the 5 million dollar Electrical Porcelain Market 


of the South! 


Your branch Electrical Porcelain Plant located in Georgia 


would save you 407% of your raw material assembling costs and 
naturally a likewise saving in cost of distribution to the Southern market. 


HESE twelve states—North Caro- 

lina, South Carolina, Georgia, Flor- 
ida, Alabama, Mississippi, Louisiana, 
Texas, Tennessee, Arkansas, Virginia 
and Kentucky—constitute the South’s 
5 million dollar Electrical Porcelain 
Product Market. The manufacture of 
Electrical Porcelain Products in the 
South is negligible. Splendid oppor- 
tunities await the manufacturer who 
establishes a branch plant in the South 
to serve the South. The unusual eco- 
nomic advantages, of considerable sav- 
ing in raw material assemblage and 
distribution costs, are two features that 
alone justify investigation of your pos- 
sibilities in the South for Electrical 
Porcelain manufacture. 


Less Cost for Raw Material 
Assemblage— 
Every raw material for high grade 
Electrical Porcelain Products manu- 
facture is available in the Southern 
States, Georgia in particular. A com- 
parison of raw material assemblage 
costs to a location in Georgia as 
against two of the most notable cer- 
amic centers of the North, follows— 
Ball Clay, from Tennessee and Ken- 
tucky to North $8.89 and $5.29 per ton 
—only $2.82 to Georgia, Feldspar from 
North Carolina to North $5.40 and 
$4.80 per ton—only $2.82 to Georgia. 
Kaolin or China Clay from Florida to 
North $7.81 and $9.49 per ton—only 
$4.43 to Georgia. Kaolin or China 
Clay from Georgia to North $6.01 and 


$7.09 per ton—only $1.00 from Georgia 
mines to Atlanta, Ga. 


Less Cost for Distribution— 
Obviously, located in the South to 
serve the South, besides enjoying a 
lower raw material assemblage cost 
there is the decided economic advan- 
tage of lower distribution cost to any 
of the Southern States, from any of the 
Southern States, as compared with 
serving the South from a northern lo- 
cation. Distribution costs from a cen- 
tral point in Georgia to 12 large repre- 
sentative Southern cities, is approxi- 
mately 40% lower. 


Low Building Material Costs— 
The following figures are the average 
costs of building materials in Georgia 
—Common building brick, $11 to $14 
per thousand. Cement $3 per barrel. 
Crushed Stone $1.25 to $1.65 per ton. 
Lumber $24 to $60 per thousand feet. 


Favorable Labor and Fuel Costs— 

Common labor costs run from 20 to 
40 cents per hour. Fuel oil at present 
ranges from 6% to 7% cents per gal- 
lon. Coal costs from $3.50 to $4.50 
per ton. Hydro-electric power lines 
cover the western, middle and northern 
sections of Georgia. 
ASK OUR COOPERATION—We have com- 
piled much valuable and up-to-date information 
and statistics on the possibilities of Electrical 
Porcelain Products manufacture in Georgia. 
This is available without charge or obligation 
to establish Electrical Porcelain Products man- 
ufacturers, seriously contemplating the de- 
centralization of operations. Ask us about 
Georgia as a location for your branch plant. 


Central of Georgia Railway 


J. M. Mallory 
Gen’! Industrial Agent 
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Savannah, Ga. 
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A Bitstone 
Eureka Flint and Spar Co. 
Potters Supply Co. 


Agitators 
Cain Machine Co, 


Bituminous Coal 
Seaboard Fuel Corp. 
Alumina (Hydrate and Calcined) 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Salt Mfg. Co. 


Roessler and Hasslacher Chemical Co. Bioche (Relvactery) 


The Carborundum Co. 
Norton Co. 


Aloxite (Refractory Products) Parker Russell Co. 
The Carborundum Co. The Massillon Refractories Co. (“Alumite’’) 


Alundum (Refractory Products) 
Norton Co. Blunger Mills 
Cain Machine Co. 


Auger Machines 
Chambers Brothers Co. Boats, Combustion 
Norton Co. 


Automatic Brick Machinery 
Lancaster Iron Works, Inc. 
Borax 
American Trona Corp. 
Automatic Cutters Drakenfeld & Co., B. F. 
Chambers Brothers Co. Innis, Speiden & Co. 


Aqhematic Stove Rooms Boric Acid (Crystal, Granular or Powder) 
Philadelphia Drying Machinery Co American Trona Corp 
Drakenfeld and Co., B. F. 
Innis, Speiden & Co. 
Automatic Temperature Control 
Engelhard, Chas., Inc. 
Leeds & Northrup Co. A 
Brick (Porcelain) 
Alsing, J. R. Eng. Co. 


B Brick Making Machinery 
Chambers Brothers Co. 


Balls (Mill) 
Alsing, J. R. Eng. Co. 


Bricks (Refractory) 
The Carborundum Co. (“Carbofras 
Ball Mills Aloxite”’) 
Alsing, J. R. Eng. Co. Norton Co. (“Alundum-Crystolon’’) 
McDanel Refrac. Porcelain Co. 
Mueller Machine Co., Inc. 


Bricks (High Aluminous—Electrically Sintered 
Aluminum Oxide—Silicon Carbide) 
The Massillon Refractories Co. (“Alumite’’) 


Batts 
The Carborundum Co. (“Carbofrax 
Aloxite’’) 
Norton Co. (“Alundum-Crystolon’”) 


Bench Whirlers Burners (Oil) 
Cain Machine Co. Best, W. N. Corp 
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Kiln Coal | 


Economy 


—consists of purchasing coal which 


will give the greatest Heat Value per 
dollar expended, 


PLUS 


—the proper burning of that Coal, in 


order to obtain its maximum Heat 
Value. 


NOTE: By purchasing SEABOARD 
KILN COALS, the first item is auto- 


matically taken care of, while we 
would be glad to offer you our sug- 
gestions (based on years of experi- 
ence) upon the latter. 


P. &. 


Inform us of your troubles. We may be of 
help to you. 


South Broad St. & 
Philadelphia 
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AMERICAN CERAMIC SOCIETY 


BUYER’S GUIDE (continued) 


Cc 
Cars (Clay) 


Lancaster Iron Works, Inc. 


Carbofrax (Refractory Products) 
The Carborundum Co. 


Carbonates (Barium-Lead) 
Innis, Speiden & Co. 


Caustic Soda 
Pennsylvania Salt Mfg. Co. 


Cements 
The Carborundum Co. 
Norton Co. 
Parker Russell Co. 


Ceramic Chemicals 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Metal & Thermit Corp. 
Paper Makers Importing Co., (Inc.) 


Roessler and Hasslacher Chemical Co. 


Titanium Alloy Mfg. Co. 
Vitro Mfg. Co. 


Ceramic Plant Equipment 
Chambers Brothers Co. 
Mueller Machine Co., Inc. 
Philadelphia Drying Machinery Co. 
Proctor and Schwartz, Inc. 


Clay (Ball) 
Harshaw, Fuller & Goodwin Co. 
Paper Makers Importing Co. 
Potters Supply 
’ inks Clay Co., H. C. 
United Clay Mines Corp. 


Clay (China) 
Drakenfeld and Co., B. F. 
Edgar Brothers Co. 
Harshaw, Fuller & Goodwin Co. 
Paper Makers Importing Co., (Inc.) 
Roessler & Hasslacher Chemical Co. 
United Clay Mines Corp. 


Clay (Electrical—Porcelain) 
Edgar Brothers Co. 
Harshaw, Fuller & Goodwin Co. 
Paper Makers Importing Co., (Inc.) 
Spinks Clay Co., od 
United Clay Mines Corp. 


Clay (Enamel) 
“dgar Brothers Co. 
Paper Makers Importing Co. 
Metal & Thermit Corp. 


United Clay Mines Corp. 
Vitro Mfg. Co. 


Clay (Fire) 
Edgar Brothers Co. 
Paper Makers Importing Co., (Inc.) 
Parker Russell Co. 
Potters Supply Co. 


The Massillon Refractories Co. (‘‘Alumite’’) 


United Clay Mines Corp. 


Clay (Potters) 
Paper Makers Importing Co. 
Spinks Clay Co., C. 


The Massillon Refractories Co Alumite’ 


United Clay Mines Corp. 


Clay (Sagger) 
Edgar Brothers Co. 
Paper Makers Importing Co., (Inc.) 
Parker Russell Co. 
Potters Supply Co. 
Spinks Clay Co., H. C. 


The Massillon Refractories Co, (“Alumite” 


United Clay Mines Corp. 


Clay Cleaning Machinery 
Lancaster Iron Works, Inc. 


Clay Handling Machinery 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., (Inc.) 


Clay Miners 
Edgar Brothers Co. 
Paper Makers Importing Co., (Inc.) 
Spinks Clay Co., H. C. 


The Massillon Refractories Co. (‘‘Alumite’’) 


United Clay Mines Corp. 


Clay Storage Systems 
Lancaster Iron Works, Inc. 


Clay (Wad) 
Paper Makers Importing Co., (Inc.) 
Potters Supply Co. 
Spinks Clay Co., H. C. 
United Clay Mines Corp. 


Clay (Wall Tile) 
Papers Makers Importing Co., (Inc.) 
Spinks Clay Co., H. C, 
United Clay Mines Corp. 


Mueller Machine Co., Ine. 


(When writing to advertisers, please mention the JOURNAL) 
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Why Tie Up Capital? 


Is your capital working in your 
business or tied up in a fuel supply? 


Your local gas company will - 
supply fuel as you need it. You 
don’t pay for gas till after it is used. 


There are no tie-ups, or traffic 

ependable supply always avail- 
age the burner. 


The manifold advantages and 
economies of gas as a factory fuel 
are explained in our new book, 


“Gas —The Ideal Factory Fuel”. 


Write for your copy today—no charge. 


American Gas Association 
342 Madison Avenue :: New York City 


Four Advantages of Gas 


Dependable— Economical — 
any time, any place, any lowest final cost per unit 
quantity of production. 
Controllable— Clean— 


exact temperatures, auto- comfortable factory 
matically controlled working conditions. 


YOU CAN DO IT BETTER WITH GAS 


(When writing to advertisers, please mention the JOURNAL) 
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AMERICAN CERAMIC SOCIETY 
BUYERS’ GUIDE (continued) 


11 


Clay Working Machinery 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Cloth (wire) 
Newark Wire Cloth Co. 


Coal-( Bituminous) — 
Seaboard Fuel Corp. 


Cobalt Oxide 
Drakenfeld and Co., B. F. 


Colors 
Drakenfeld and Co., B. F. 

Harshaw, Fuller and Goodwin Co. 
Innis, Speiden & Co. 

Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 


Conditioning Machinery 
Philadelphia Drying Machinery Co. 
Proctor & Schwartz, Inc. 


Cones (Filter) 
Norton Co. 


Conveyors (Belt Cable) 
Lancaster Iron Works, Inc. 


Conveyors (Clay, Sand, Brick, etc.) 
Hadfield-Penfield Steel Co. 
Philadelphia Drying Machinery Co. 
Mueller Machine Co., Inc. 


Controllers (Automatic Temperatures) 
Engelhard, Charles, Inc. 
Leeds & Northrup Co. 


Cores (Alundum Furnace) 
Norton Co. 


Cornwall Stone 
Eureka Flint and Spar Co. 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Pulverizing Co. 
Roessler and Hasslacher Chemical Co. 


Crucibles (Filter-Melting-Ignition) 
Norton Co. 
Potters Supply Co. 
The Massillon Refractories Co 


Crushers 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Lancaster Iron Works, Inc. 
Mueller Machine Co., Inc. 


(“Alumite”) 


D 


Decorating Supplies 
Drakenfeld and Co., B. F. 
Roessler and Hasslacher Chemical Co 
Vitro Mfg. Co. 


Decorating Kilns 
Holcroft & Co. 


Discs (Alundum-Porous-Filter) 
Norton Co. 


Dishes (Alundum-Filtering-Ignition) 
orton Co. 


Disintegrators 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Lancaster Iron Works, Inc. 
Mueller Machine Co., Inc. 


Dolomite 
Innis, Speiden & Co. 


Dryers (China Ware—Porcelain) 
Philadelphia Drying Machinery Co. 
Proctor and Schwartz, Inc. 


Dryers (Steam Pipe Rack) 
Lancaster Iron Works, Inc. 


Drying Machinery 
Philadelphia Drying Machinery Co 
Proctor and Schwartz, Inc. 


Dust Mills 


Cain Machine Co. 


E 


Electrical Instruments 
Engelhard, Charles, Inc. 
Leeds & Northrup Co. 


Electric CO. Meters (Recorders) 
Engelhard, Chas., Inc. 


Electrical Porcelain Machinery 
Mueller Machine Co., Inc. 


Enameling Complete 
Chicago Vitreous Enamel Product Co. 
The Porcelain Enamel & Mfg. Co 


(When writing to advertisers, please mention the JOURNAL) 
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ENGLISH AND DOMESTIC 


QUALITY 


POTTING 


CLAYS 


Paper Makers Importing Co., Inc. 
EASTON, PENNA. 


mention the JOURNAL) 
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AMERICAN CERAMIC SOCIETY 
BUYERS’ GUIDE (continued) 


Enameling Furnaces Flint 
Chicago Vitreous Enamel Product Co. Eureka Flint and Spar Co. 
Holcroft & Co. Harshaw, Fuller & Goodwin Co. 
Parker Russell Co. Innis, Speiden & Co. (Carrara) 
The Carborundum Co. (Cotonetinet) National Silica Co. 
The Massillon Refractories Co. (‘“Alumite’’) Pennsylvania Pulverizing Co. 
The Porcelain Enamel & Miz. Co. Roessler and Hasslacher Chemical Co. 
U. S. Smelting Furnace Co. 
Vitro Mfg. Co. 


Flint Pebbles 
Alsing, J. R. Eng. Co. 


Enameling Muffles Eureka Flint and Spar Co. 


Parker Russell Co. 
The Carborundum Co. (Carbofrar) 


The Massillon Refractories Co. (“Alumite’’) Frit 
Porcelain Enamel & Supply Co. 


Vitro Mfg. Co. 


Enameling, Practical Service 
Chicago Vitreous Enamel Product Co. 
The Porcelain Enamel & Mfg. Co. Fuel 
Vitro Mfg. Co. Seaboard Fuel Corp. 


Enamels, Porcelain Furnaces 
Chicago Vitreous Enamel Product Co. Chicago Vitrous Enamel Product Co. 
The Porcelain Enamel & Mfg. Co. Holcroft & Co. 
Vitro Mfg. Co. Parker Russell Co. 
The Carborundum Co. (Carboradiant) 
The Porcelain Enamel & Mfg. Co. 
U. S. Smelting Furnace Co. 
Engineering Service 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 


Parker Russell Co. Furnaces (Electrical) 


Engelhard Chas., Inc. 
Holcroft & Co. 


Equipment (Porcelain Enamelin ng) 
Chicago Vitreous Enamel Product Co. 
Furnaces (All Types) 
The Porcelain Enamel & Mfg. Co. The Massillon Refractories Co. (‘“Alumite’’) 


Extruding Machines (Lab. Use) 
Chambers Brothers Co. 


G 


Glazes and Enamels 
Chicago Vitreous Enamel Product Co. 
F Drakenfeld & Co., F. 
Harshaw, Fuller and Goodwin Co. 
Feldspar Roessler and Hasslacher Chemical Co. 
Eureka Flint and Spar Co. The Porcelain Enamel & Mfg. Co. 


Harshaw, Fuller and Goodwin Co. Vitro Mfg. Co. 
Innis, Speiden & Co. (Isco) 
Pennsylvania Pulverizing Co. 
Roessler & Hasslacher Chemical Co. 
Glaze Spar 
Eureka Flint and Spar Co. 


Filtering Machinery 


Mueller Machine Co., Ine. 


Lancaster Iron Works, Inc. 


Filter Presses 
Cain Machine Co. Gold 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemica! Co. 
Vitro Mfg. Co. 
Fire Brick 
Parker Russell Co. 
The Carborundum Co. Grinding Pans 
The Massillon Refractories Co. (“Alumite’’) Cain Machine Co. 


(When writing to advertisers, please mention the JOURNAL) 
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Fire your Kilns by the 
Carboradiant Method 


(One Carboradiant Combustion Chamber 
represents a real advancement towards 
perfecting kiln burning conditions. 

This new method can be applied to ex- 
isting kilns or tonew construction for firing 
either by oil or gas and it provides— 


A greatly simplified construction and system of firing. 

A saving of fuel—20% or more. 

A reduction in the number of burners—only two or 

four needed. 

A better temperature control. 

A reduction in burning losses and maintenance costs. 
This new development is made possible 

through the use of Carbofrax, the Carbo- 


- rundum Refractory. 


Write our Sales Engineering Department for complete details. 


THE CARBORUNDUM COMPANY, PERTH AMBOY,N. J. 
REFRACTORY DIVISION 


(When writing to advertisers, please mention the JOURNAL) 
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BUYERS’ GUIDE (continued) 


H 
Hearths 


The Carborundum Co. 
(Carbofrax heat treating) 


Hearths (High Aluminous Clay—Electrically 
Sintered Aluminum Oxide—Silicon Car- 
bide) 

The Carborundum Co. 
The Massillon Refractories Co. (“Alumite’’) 


Hygrometers (Electric) 
Engelhard, Chas., Inc. 


I 


Impervite (Refracto and Hard Porcelain) 
Engelhard, Charles, Inc. 


Infusorial Earth 
Innis, Speiden & Co. 


Iron (Enameling) 
American Rolling Mill Co. 
The Mansfield Sheet & Tin Plate Co. 
United Alloy Steel Corp. 


Jiggers 
Cain Machine Co. 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


K 
Kaolin 


Edgar Plastic Kaolin Co. 

Harshaw, Fuller and Goodwin Co. 
Roessler & Hasslacher Chemical Co. 
United Clay Mines Corp. 


Kilns (china, decorating) 
Drakenfeld & Co., B. F. 
Holcroft & Co. 


Kiln Castings 
Lancaster Iron Works, Ine. 


Kilns (China-Decorating) 
Drakenfeld & Co., B. F. 
The Massillon Refractories Co. (““Alumite’’) 

Kryolith 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Salt Mfg. Co. 

Roessler and Hasslacher Chemical Co. 


L 
Lathes 


Cain Machine Co. 


Lehrs (High Aluminous Clay—Electrically 
Sintered Aluminum Oxide—Silicon Car- 
bide) 

The Massillon Refractories Co. 
The Carborundum Co. 


(“A lumite’’) 


Linings Block-Refractory 
Plate, Brick and 
Alsing, 1. R. Eng. Co. 
Norton Co. 
The Carborundum Co. 


Liners Wheels 
Cain Machine Co. 


Magnesite 
Drakenfeld & Co. 
Harshaw, Fuller & a Co. 
Innis, Speiden & Co. 


Manganese 
rakenfeld & Co., B. F. 
Harshaw, Fuller & Goodwin Co. 
Hy- Grade Manganese Co. 
Roessler and Hasslacher Chemical Co 


Metals (Porcelain Enameling) 
American Rolling Mill Co. 
The Mansfield Sheet & Tin Plate Co. 
United Alloy Steel Corp. 


Mills (Pebble-Tube) 
Alsing, J. R. Eng. Co. 


Minerals 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co 
Roessler and Hasslacher Chemical Co 
Vitro Mfg. Co. 


Mixing Machines 
Chambers Brothers Co. 


Molds (Brick) 
Lancaster Iron Works, Inc. 


Muffies (Furnace) 
Norton Co. 
The Carborundum Co. (Carbofraxr) 


The Massillon Refractories Co. (‘“Alumite’ 


Muriatic Acid 
arshaw Fuller and Goodwin Co. 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co. 


N 


Nitrates (Cobalt, Sodium) 
Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co. 


Oil Burners 
Best, W. N. Corp. 


Opacifiers 
Harshaw, Fuller & Goodwin Co. 
Titanium Alloy Mfg. Co. 


Operators (Coal) 
Seaboard Fuel Corp. 


Oxides 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Innis, Speid en & Co. 
Metal & Thermit Corp. 
Paper Makers Importing Co., (Inc.) 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co. 
Titanium Alloy Mfg. Co. 
Vitro Mfg. Co. 


(When writing to advertisers, please mention the JOURNAL) 
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Founded 1869 


B. F. DRAKENFELD & CO. INC. 


50 Murray St. New York 


Sole Sales Agents for the 
Glass Industry 


American Smelting and Refining Co’s 


DENSE 
| WHITE ARSENIC 


E. J. Lavino and Co’s 


MANGANESE 
DIOXIDE 


Powdered—Granular—Pea Size 


= = 
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BUYERS’ GUIDE (continued) 


Pans (Wes and 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Pebble Mills 
Alsing, J. R. Eng. Co. 
Hadfield- Penfield Steel Co. 
Mueller Machine Co., Inc. 


Pins 
Potters Supply Co. 


Placing Sand 
Eureka Flint and Spar Co. 
Pennsylvania Pulverizing Co. 
National Silica Co. 
United Clay Mines Corp. 


Plate Feeders 
hambers Brothers Co. 
Hadfield-Penfield Steel Co. 


Plates (Filter) 
Norton Co. 


Porcelain Balls 
Alsing, J. R. Eng. Co. 


Porcelain Brick 
Alsing, J. R. Eng. Co. 


Porcelain Enameling Service, Practical 
Chicago Vitreous Enamel Product Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Porcelain Enamels 


— o Vitreous Enamel Product Co. 


orcelain Enamel & Mfg. Co. 
Vitto Mfg. Co. 


Porcelain Presses 
Cain Machine Co. 


Porcelain Dies 
Cain Machine Co. 


Potash (Carbonate) 
Innis, Speiden & Co. 


Pottery Machinery 
Cain Machine Co. 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Printing Machines 
Cain Machine Co. 


Pug Mills 
Cain Machine Co. 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Lancaster Iron Works, Inc. 
Mueller Machine Co., Ine. 


Pulverizing Machinery 
Alsing. R. Eng. Co. 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Pulverizing 
Alsing, J. Ce. 
Hadfield- Benfield ‘Steel Co. 
Mueller Machine Co., Inc. 


Pumps 
Cain Machine Co. 
Mueller Machine Co., Inc. 


Pyrometers (Indicating) 
Chas., Inc. 
Leeds & Northrup Co. 


Pyrometers (Recording) 
Englehard Chas., Inc. 
Leeds & Northrup Co. 


Pyrometer (Switches) 
Engelhard, Chas., Inc. 
Leeds & Northrup Co. 


Pyrometer Tubes (Refractory and Hard 
Porcelain) 

Engelhard, Charles, Inc. 

Leeds & ‘Northrup Co. 

McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 

The Massillon Refractories Co. (“Alumite’’) 


R 


Recording Instruments 
Engelhard, Charles, Inc. 
Leeds & Northrup Co. 


Refractories 
The Massillon Refractories Co. 
The Carborundum Co. 
Norton Co. 
Parker Russell Co. 
United Clay Mines Corp. 


(“‘Alumite’’) 


Refractory Materials 
Parker Russell Co. 
The Massillon Refractories Co. 
United Clay Mines Corp. 


(“Alumite”’) 


Regulators (Automatic Temperatures) 
Engelhard, Charles, Inc. 
Leeds & Northrup Co. 


S 


Saggers 
Carborundum Co. 
Norton Company 
Potters Supply Co. 


Sagger Presses 
Chambers Brothers Co. 
Hadfield-Penfield Co. 
Mueller Machine Co., Inc. 
Watson-Stillman Co. 


(When writing to advertisers, please mention the JOURNAL) 
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this w leaflet on Refractory Cements 
NORTON COMPANY, Worcester, Mass. | 
Mail me, without cost or obligation, a copy of your new ‘ 
leaflet, ‘‘Refractory Cements’’ 
NAME. 
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BUYERS’ GUIDE (continued) 


Screens 
Newark Wire Cloth Co. 


Selenite of Sodium 
Drakenfeld and Co., B. F. 
Harshaw, Fuller & Goodwin Co. 
Vitro Mig. C Co. 


Selenium 
Drakenfeld & Co., B. F. 


Shippers (Coal) 
Fuel Corp. 


Sifters 
Cain Machine Co. 


Silex Blocks 
Alsing, J. R. Eng. Co 


Silica Blocks 
Eureka Flint and Spar Co. 


Silica Brick 
Parker Russell Co. 


Sillimanite (Synthetic) 
orton oO. 


Slabs (Furnace) 
The Carborundum Co. 
Norton Co. 


Smelters 
Chicago Vitreous Enamel Product Co. 
Parker Russell Co. 


The Massillon Refractories Co. (“Alumite’’) 


U. S. Smelting Furnace Co. 


Soda Ash 
Harshaw, Fuller & Gaagute Co. 
Innis, Speiden 


Roessler and Wascladher Chemical Co. 


Sodium Antimonate 
Fuller & Goodwin Co. 
Metal & Thermit Corporation 
Vitro Mfg. 


0. 
Roessler and Hasslacher Chemical Co. 


Sodium Fluoride 
Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co. 


Roessler and Hasslacher Chemical Co. 


Spar 
Eureka Flint and Spar Co. 
Harshaw, Fuller & Goodwin Co. 
Pennsylvania Pulverizing Co. 


Roessler and Hasslacher Chemical Co. 


Spurs 
Potters Supply Co. 


Stacks 
Lancaster Iron Works, Inc. 


(When writing to advertisers 


Stilts 
Potters Supply Co. 


Sulphuric Acid 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co. 


T 


Talc 
Harshaw, Fuller & Goodwin Co. 
Innis, Speiden & Co. 
Roessler and Hasslacher Chemical Co 


Tanks 
Lancaster Iron Works, Inc. 


Temperature Instruments (Measuring) 
<ngelhard, Charles, Inc. 
Leed & Northrup Co. 


Thermocouples 
Engelhard, Chas., Inc. 
Leeds & Northrup Co. 


Thermometers (Electric Resistance) 
Engelhard, Charles, Inc. 
Leeds & Northrup Co. 


Thimbles (Filtering Extraction) 
Norton Co. 


Tile (Refractory) 
The Carborundum Co. (Carbofra 


Tile Machinery (Floor 
Mueller Machine Co., 


Tin Oxide 
Drakenfeld & Co., B. F. 
Harshaw, Fuller & Goodwin Co. 
Metal & Thermit Corp. 
Roessler and Hasslacher Chemical Co. 


Titanium 
Titanium Alloy Mfg. Co. 


Tubes (Insulating) 
Engelhard, Chas., Inc. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co 


Tubes (Pyrometer) 
Engelhard, Charles, Inc. 
Leeds & Northrup Co 
McDaniel Refractory Porcelain Co 
Montgomery Porcelain Products Co. 


The Massillon Refractories Co. (““Alumite’’) 
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URE 


Miners, Importers AND PULVERIZERS 


Pure English Cornwall Stone Eureka #1 Feldspar 


French Flint Connecticut Feldspar 
French Placing Flint New Hampshire Feldspar 
American Rock Flint New York Feldspar 
American Sand Flint Carolina Feldspar 


Eureka Specially Selected Glaze Spar has been famous 
for Twenty Years for its Brilliant Lustre 


EUREKA FLINT & SPAR CO. 


Trenton~—-New Jersey 


If all you young fellows 


Who have charge of your Clay supply could visit our various mines and see 
the care that is exercised to get you only 100% material, you would appre- 
ciate that ours is a real job. However, why not write us and let us advise 
you in detail why 


EDGAR CLAYS 


Are Always as Represented 
Edgar Brothers Co. 
Edgar Plastic Kaolin Co. Metuchen, N. J. Lake County Clay Co. 


“ALUMITE” 
REFRACTORIES 


are backed by 38 years experi 
ence behind our manufacturing 


personnel, our many years ex- 
perience supplying and observ- 
ing Refractories in the Indus- 


tries and our Modern Plant 
and Research facilities. 
Let Us Solve Your Furnace 
Problem 
Send for Bulletins Nos. 21 & 22 
MASSILLON 
REFACTORIES CO. 
(Founded by W. G. Hipp) 
Massillon, O. 
Convenient for Truck Delivery On the Lincoln Highway 


(When writing to advertisers, please mention the JOURNAL) 
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BUYERS’ GUIDE (continued) 


V Innis, Speiden & Co. 
Roessler and Hasslacher Chemical Co. 
Vacuum 
Mueller Machine Co., Inc. 
Winding Drums 
Lancaster Iron Works, Inc. 


Witherite 
Wad Mills , 3 Harshaw, Fuller & Goodwin Co. 
Cain Machine Co. Innis, Speiden & Co. 
Wet Enamel 
Chicago Vitreous Enamel Product Co. 


The Porcelain Enamel & Mfg. Co. Z 
Vitro Mfg. Co. 


Zirconia 
Whiting Roessler and Hasslacher Chemical Co 
Darkenfeld and Co., B. F. Titanium Alloy Mfg. Co. 
Harshaw, Fuller and Goodwin Co. Vitro Mfg. Co. 


GREENLAND KRYOLITH 
NATRONA HYDRATE and OXIDE ALUMINA 


PENNSYLVANIA SALT MANUFACTURING COMPANY 


Executive Offices: Works: Philadelphia and Natrona, Pa. _ Representatives: _ 
Philadelphia, Pa. Wyandotte and Menominee, Mich. Pittsburgh St. Louis 
New York Chicago 


BALL H. C. SPINKS CLAY Co. 
SAGGER }‘CLAY NEWPORT, KY. 


WAD MINERS and SHIPPERS 


Write for samples 


(When writing to advertisers, please mention the JOURNAL) 


| 


22 JOURNAL OF THE 


DRYING 
MACHINERY 


for all 
Clay Products 


Electrical Porcelain 
Sanitary Ware 
General Ware in Molds 
Dipped General Ware 
Clay Rolls : Spark Plugs 
Saggers : Tile 
Refractories : Brick 
Chemical Stoneware 


| PROCTOR & SCHWARTZ, 1c. 


PHILADELPHIA, PA. 


(When writing to advertisers, please mention the JOURNAL) 
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ALPHABETICAL LIST OF ADVERTISERS 


Pace 


(When writing to advertisers, please mention the JOURNAL) 
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CLASSIFIED ADVERTISING 


JOURNAL Classified Ads 


ARE NOW 


$1.00 for 35 Words 


Exclusive of Address 


WANTED CERAMIST 


Graduate ceramist (Ceramic 
chief chemist, silicate chemist, 
ceramic or chemical engineer) 
trained and experienced in 
research and factory control 
and general business manage- 
ment for leading position in 
new ceramic industry. Single, 
energetic, from 35 to 40 years 
of age. Please state qualifica- 
tions fully, condition of health 
and salary expected. Box 
1709 American Ceramic So- 
ciety, Lord Hall, O.S.U. Col- 
umbus, Ohio. 


CERAMIC CHEMIST 
wanted by large manufactur- 
ing concern near New York. 
Must be thoroughly familiar 
with firing of clay products 
and possess executive ability 
and initiative. Excellent op- 
portunity. State age, past posi- 
tions held and salary expected 
to start. Box 220, American 
Ceramic Society, Lord Hall, 
O.S. U., Columbus, Ohio. 


The Journal of the Society of Glass Technology 


A quarterly Journal containing original papers and abstracts 
of papers covering the whole field of Glass Technology. 
ANNUAL SUBSCRIPTIONS TO SOCIETY (Including Journal) 


2. 
9.00 


Forms of application for membership may be obtained from the American Treasurer of the 


Society, Mr. 


Wm. M. Clark, Ph.B., Nela Park, Cleveland, Ohio. 


Address orders and inquiries to: The Secretary, Society of Glass Technology, The Uni- 


versity, Sheffield, England. 


(When writing to advertisers, please mention the JOURNAL) 
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If it’s wire cloth we can furnish it— 
Simply answer these questions 


‘Newark What space? 
Wire What diameter wire? 
Cloth What metal? 


What length? 
What width? 


is stocked in so 
many sizes, metals, 
and meshes, that 
we fill most orders 


For what purpose? al 
We make wire cloth out of all metals: aluminum, brass, copper, bronze, phosphor 
bronze, nickel-chromium, steel, gold, silver, monel metal, platinum, and special alloys. 
If you can’t decide on the best wire cloth for your purpose, just put your problems up to 
us. We have solved so many straining, filtering, and sifting problems that we can 
doubtless assist you. We are always glad to help. 


on the day re- 
ceived. 


Have you our new catalog No. 25? 


Newark Wire Cloth Co. 


355-369 Verona Ave. Newark, N. J. 
Branch Office 
66 Hamilton St., Cambridge, Mass. 


CLAY MACHINERY! 


SAGGER ROOM 


Grog Pans 
Pug Mills 
Sagger Presses 
Wad Mills 
Grog Screens 


PRESS ROOM 


Tile Presses 
Faience Presses 
Porcelain Presses 
Dies & Equipment 


SLIP HOUSE 


Blungers 
Agitators 
Lawns 

Pumps 

Filter Presses 


GREEN ROOM 
Jiggers 

Pull Downs 
Cleaning Wheels 
Batting Machines 


GRINDING ROOM 


Clay Crackers 
Pulverizers 
Cage Grinders 
Dust Screens 
Pebble Mills 


GLAZE ROOM 
Glaze Mills 
Agitators 
Lawns 

Pumps 


THE MUELLER MACHINE CO. 


TRENTON, N. J. 
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PROFESSIONAL 
DIRECTORY 


THE SHARP-SCHURTZ CO. 
Chemists for the Ceramic Industry 
We have fully equipped laboratories at 
Lancaster, Ohio, U. S. A. 


For-sale: Ten to Fifty 
Thousand Tons Proven 
Diaspore, address orders 
to Box 25, Linn, Mo. 


CERAMIC 
BREVITIES 


The Ferro Enamel Supply Com- 
pany of Cleveland, Ohio, recently 
completed installation of a_ large 
“Alundum” enamel burning furnace 
in the plant of the Belleville Enamel- 
ing & Stamping Co., Belleville, Illi- 
nois. At the same time oil-burning 
equipment was installed on all the 
furnaces and on the smelter in the 
Belleville plant. 


Mr. B. W. Lattin, formerly with 
the D. J. Ryan Foundry Co. and 
with the Ferro Enameling Co. of 
Cleveland, Ohio, is now with Moore 
Bros. Company of Joliet, Illinois. 


Clyde N. Thomas, who has been 
with Beach Foundry Co. Ltd., 
Ottawa, Ontario, and formerly with 
the Ferro Enameling Company at 
Cleveland, Ohio, is now with the 
Stanley Insulating Co. Inc. of Great 
Barrington, Mass. 


The Ferro Enamel Supply Com- 
pany of Cleveland, Ohio, announce 
the appointment of Major Wilfrid 
Mavor as their Eastern Representa- 
tive. Major Mavor also takes care 
of the Canadian business of The 
Ferro Enamel Supply Company. 
Mr. Jack Rumer is their representa- 
tive in the Chicago district. 


The Ferro Enamel Supply Co., 
Cleveland, Ohio, announces the ad- 
dition of Mr. F. S. Markert to their 
Engineering Department. Mr. Mar- 
kert is a graduate of the University 
of Illinois and was formerly with the 
Belleville Enameling and Stamping 
Company. 


Mr. E. O. McFadon is now repre- 
senting the Ferro Enamel Supply 
Company in the St. Louis district. 
Mr. McFadon was formerly with 
Ferro in Cleveland. 


The Globe Stove and Range Com- 
pany of Kokomo, Indiana, is in- 
stalling a large and up-to-date por- 
celain enameling department. En- 
gineering and all equipment is being 
furnished by The Ferro Enamel Sup- 
ply Company of Cleveland, Ohio. 
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THE PARKER RUSSELL CO. 


ST. LOUIS 
BUILDERS OF 
ROQ-MACK Enameling Furnaces 
HIGH TEMPERATURE FURNACES 
P For all Purposes 


HIGH GRADE REFRACTORIES 


Pyrometer Tubes—Protection Tubes—Combustion Tubes 
McDanel Refractory Porcelain Company 
Beaver Falls, Pennsylvania 


UNUSUAL - SHAPES - OUR - SPECIALTY ¥ 


HIGH GRADE 


CLAYS 


OF EVERY KIND—FOR EVERY PURPOSE 
UNITED CLAY MINES CORPORATION TRENTON, N. J. 


Continuous Tunnel Kilns Vitreous Enameling Furnaces 
HOLCROFT & CO. 


6545 Epworth Blvd. Detroit, Mich. 


We are manufacturers of 


POTTERY and CERAMIC 


machinery 
Please let us know your requirements 


The Cain Machine Co. East Liverpool, Ohio 


USE “HY-GRADE” MANGANESE 


for surface and body coloring. We pay special attention to our 
200 mesh powder that will not “Cat Eye” in glazes. 


. We mine and very carefully prepare every pound of our own 
product. 


HY-GRADE MANGANESE COMPANY, Inc. 


WOODSTOCK, VIRGINIA 
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If you want pyrometer protection tube satisfaction 
USE 


Montgomery Hard Porcelain Pyrometer Tubes 
All Sizes and Lengths for either Platinum or Base Metal Couples 


The Best Liked and Most Largely Used 
Protection Tubes on the Market today 


If the manufacturer of your pyrometer equipment cannot supply 
you, write us direct. TRADE MARK 


MONTGOMERY PORCELAIN PRODUCTS CO. 
FRANKLIN, OHIO, U. S. A. 10-22 


Brick Making Machines 


Crushers Grinders Mixers 


Automatic Cutters 


Chambers Bros. Co. 


Philadelphia Pennsylvania 


The Watson-Stillman Company 


WISHES TO ANNOUNCE THAT ON AND AFTER 
MAY Ist, 1926 
ITS MAIN OFFICES AND SALES DEPARTMENT 
WILL BE LOCATED IN THE 
EVENING POST BUILDING 
75 WEST STREET NEW YORK 


TELEPHONE BOWLING GREEN 8490 
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METAL 
Careful Selection of Raw Materials 
Care and Skill in Manufacture 


As Pure As It Can Be Made 


After repeated tests are taken and the iron 
brought within the exact analysis desired, a tap 
hole is opened and the molten metal runs from 
the open hearth into a huge ladle. The slag comes 
last, overflows, and is thus separated from the iron. 


During the entire process the metal is carefully 
watched and manipulated to produce the exact 
kind of iron desired. Only perfect heats are used 
for Toncan Enameling Stock. Careful inspec- 
tions and analyses must show the metal to be 
right before it is approved. 


Leading manufacturers of enamelware report a_ great 
reduction in profit-wasting culls when Toncan Enamel 
ing Sheets are used. Tens of thousands of tons are faith 
fully maintaining the Toncan standard of excellence 
through daily service in enameled parts all over the 
country. Toncan Enameling Sheets will improve your 
product and cut your costs, 


UNITED ALLOY STEEL CORPORATION, CANTON, OHIO 


New York Chicago Portland Detroit San Francisco 
Cleveland Philadelphia Syracuse Pittsburgh Indianapolis 


TONCAN ENAMELING SHEETS 
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FIRST 


PEBBLE MILLS 
MADE IN AMERICA 


Sifty - seven years 
on the market 


J. R. ALSING ENGINEERING CO., INC. 
50 CHURCH STREET 
NEW YORK CITY 


ALSING SERVICE 


Pottery Machinery 
Tile Machinery 
Brick Machinery 
can be advertised profitably in 
the JOURNAL. If you are in- 
terested in reaching hundreds of 
users of your product, your an- 


nouncement should appear in 
these columns. 


Complete details upon request 


American Ceramic Society 
(Advertising Department) 
Lord Hall, O.S.U. Columbus, O 


The Vitro Manufacturing Company 
Pittsburgh, Pa. 


Solicits Your Orders for: 


ENAMELS (for steel and cast iron) 
COLORING OXIDES (for enamels, glass and pottery) 
VITRIFIABLE COLORS (for decorators) 
GLASS MAKERS CHEMICALS 
ENAMELLERS CHEMICALS 
QUALITY AND UNIFORMITY GUARANTEED 


Look for Our Trade Mark on Package 
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W. N. BEST Oil Burners 
fire the kilns at the largest 
porcelain wash tray plant in 
the world. 


Write for catalogs and list of 
users in the Ceramic field 


W. N. BEST Corporation 
11 Broadway New York City 


1816 1926 


“Over a Century of Service and 
Progress” 


South Dakota 


FELDSPAR 


An extremely high-grade 
Potash Spar ground. in 
our own mills under 
constant and _ thorough 
chemical control. 


Capacity up to 300 Tons Daily 


We solicit your inquiries 


INNIS, SPEIDEN & CO., Inc. 


Importers, Manufacturers, Exporters 
46 CLIFF STREET NEW YORK 


Branches: 
BOSTON PHILADELPHIA 
CHICAGO CLEVELAND 
GLOVERSVILLE 


PENNSYLVANIA PULVERIZING CO. 


LEWISTOWN, PA. 


Pure Canadian Potash Feldspar 


Potters Flint 


Placing Sand 


SALES OFFICE 


323 Fourth Avenue 
Pittsburgh, Pa. 
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THE 
CERAMIC 
INDUSTRY’S 


The best Asset of the Ceramic. In- 
dustry is quality of product and quality 
of product is largely dependent on 
properly prepared Materials. The 
American Wet Grinding Pan does its 
work thoroughly, quickly and cheaply. 


This is an unusually well built, depend- 


power 


We 


able unit. Long on service. Light on 


ery for Ceramic needs. 


The Hadfie!d-Penfie!d Steel Co. 


. Ask for Bulletin. 


build a complete line of machin. / 


BUCYRUS, OHIO 


Rugged 


Factory at Newark, N. J 


ENGELHARD MULTIPLE RECORDERS 


The new mercury 
contact switch with 


Six 
Distinct platinum electrodes 
Records combined with sev- 
Each eral other distinct 
Record advantages incorpor- 
in ated in the above 
Different makes it 
Color 

Absolutely 
Accurate Foolproof 

Dependable 


Write for Bul. 28 


CHARLES ENGELHARD, Inc. 
; 30 Church St., NEW YORK CITY 
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Other 
Lancaster 
Products 
AutoBrik Machine 
AutoClay Cleaner 
Granulators L t Better Trucks—With Rubber Tires! 
= ancaster’s Better Trucks— ubber ! 
Disintegrators For Easier, Quicker Handling 
Crushers Lancaster Rubber Tired Trucks are specially designed—the 
S . result of forty years’ experience in meeting the needs of 
team Pipe Rack brick makers and clay workers. 
Brick Dryers No finer, stronger, smoother rolling truck is made. Lan- 


when fully loaded, as though on ball or roller bearings. 
Vibration and jar incident to untired steel or cast iron 


Cable Conveyors 
Winding Drums 


caster Rubber Tired trucks are as easy to handle, even 
| wheeled trucks are practically eliminated. Wear and tear 


Belt Conveyors = the ~ Lancaster 
Brick Moulds ubber Tre rucks give tonger service. 
All Lancaster Trucks and Barrows are made to templates 
Cla and gauges, so that broken or worn parts may be replaced 
y torage 
s at low cost. Fully guaranteed against mechanical) defects. 
ystems Sent on 30 days’ trial to 
Send for Bulletin 40, tiustrating Designs and Sizes 
Bose Saeed of Lancaster Trucks and Barrows 
Barrows 
Kiln Castings “LANCASTER IRON WORKS, Inc. 
Tanks and Stacks LANCASTER, PENNSYLVANIA 


BRICK MACHINERY DEPARTMENT JAMES P. MARTIN, Manager 


After an exhaustive study of the requirements of the Enamel- 
ing Industry we are producing: 


WABIK METAL 
SPECIAL VITREOUS ENAMELING 
SHEETS 


Unlike ordinary steel sheets, warping and blistering is reduced 
to a minimum, thus increasing the Enameler’s output and 
profit. 


Many of the leading plants now recognize “WABIK METAL” 
as the supreme stock for that beautiful permanent lustre which 
is so essential in Table Tops, Stove Parts, Refrigerator Parts, 
Signs, etc. 


THE MANSFIELD SHEET & TIN PLATE CO. 


MANSFIELD, OHIO 
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SERVICE TO POTTERS 


4 
We Manufacture— We Sell— 
PINS BALL CLAY 
SAGGER CLAY 
T 
WAD CLAY 
THIMBLES GROUND FIRE CLAY 
SPURS BITSTONE 
SAGGERS FIRE BRICK 
CRUCIBLES PARIS 
TILE for Decorating kilns DOMESTIC WHITING 


THE POTTERS SUPPLY COMPANY 
EAST LIVERPOOL, OHIO 


The National Silica Co. 


OREGON, ILL. 


Producers and Pulverizers of 


FLINT 


exclusively for 


Pottery Purposes 


99.97% Pure Silica 140 Silk Lawn Test » 4 
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The Stamets 
Insulator Press 


A PROPERLY DE- 
SIGNED ACCURATE- 
LY BUILT AUTO- 
MATIC MACHINE FOR 
FORMING INSULA- 
TORS AT A HIGH 
RATE OF SPEED 


Send for full particulars 


WILLIAM K. STAMETS 
Jenkins Building - PITTSBURGH 


THREE ELEPHANT BORAX 


99.5% Pure 


We also make Boric Acid, guarahteed 99.5% pure 


Write us for specifications and price 


AMERICAN TRONA CORPORATION 


WOOLWORTH BLDG. NEW YORK CITY 
Quality Uniformity Service 
LUSTERLITE ENAMELS 
MANUFACTURERS 
FURNACES - - SPEED FORKS - - ENAMELS 


Complete Enamel Shop Supplies and Equipment 
STOCK CARRIED 
Chicago Vitreous Enamel Product Company 
1407-47 S. 55th Court, Cicero, Ill., U. S. A. 
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Thousands of Kitchens Reveal 
Evidence of Better Enameling 


OOK into one of these spot- 
less kitchens—on every 
side you will see the matchless 
work of the enameler who uses 
ARMCO Ingot Iron. 


Enamelers who work with this 
virtually degasified iron find 
that cull losses are few and far 
between. Sheet after 


sheet is consistently uni- 


And then, too, the enameler 
who uses this “purest iron 
made” has the assurance of 
substantial quality—the kind of 
quality that discriminating 
buyers who read ARMCO’S 
National Advertising are every- 
where demanding. 


The American 


% 


form. The velvety texture (am ? Rolling Mill Company 
of ARMCO Ingot Iron | PVi2. MIDDLETON, OHIO 


grips and firmly holds the 
porcelain enamel coating. 


ARMC 


“ne or 


Export: The ARMCO International Corp. 
Cable Address: - ARMCO, Middletown 


INGOT IRON 
The Purest Iron Made 
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“THE firms listed in the Buyer’s Guide of the 

Journal (the only official publication of the 
American Ceramic Society), are either corpora- 
tion members of the Society or they are firms 
that believe in advertising in it. 


HE Journal is the most widely distributed 
ceramic technical publication in the world. 


F YOUR products are listed in the Journal 

Buyer’s Guide, do you realize what a tre- 
mendous amount of silent salesmanship you 
are employing? If they are not listed, what 
sales you are losing? 


E SUGGEST that you do some ceramic 

advertising. Use a ceramic publication 
but use the one that covers the field entirely— 
brick, tile, refractories, pottery, glass, enamels 
and their allied industries is what we mean. 
The Journal is that publication. 


Advertising Department 


American Ceramic Society 
Lord Hall, O.S.U. CoLuMBus, OHIO 
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“HURRICANE” 


Dryer for Ceramics 


“Hurricane” Truck Dryer 


To eliminate losses from improperly dried ware, in 
any branch of ceramic drying, apply the “HURRICANE” 
Method. These dryers are operating successfully on large 
and small ware. There is a “HURRICANE” Standard- 
suilt Dryer adapted directly to your needs. 


Write for Detailed Information 


THE PHILADELPHIA DRYING 
MACHINERY COMPANY 
Stokley St. above Westmoreland Philadelphia, Pa. 


New England Agency: 
Hurricane Engineer- 
ing Company 
53 State St., Boston, 
Mass. 


Canadian Agents 
Ross Whitehead & Co., Ltd. 
Montreal 
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It’s What She Thinks 
That Counts 


Fes the average Housewife who is the best 
critic of your porcelain enameled work. Not you 
or your foreman, but the woman into whose home 
the finished product goes. She is the judge. 


The success of PEMCO ENAMELS and PEMCO 
METHODS of PORCELAIN ENAMELING 
is what it is today because it meets with 
the approval of the women of the home. 


Then too, low production costs—plus a 
perfect product assure a maximum profit 
for you. Let your wife judge your enam- 
eled ware—then you will use PEMCO. 


Samples of enamels and a service man to demon- 
strate them in your plant are yours for the asking. 


The Enamet MANUFACTURING Co. 
of Baltimore, Maryland 
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TIN OXIDE 


The eo: args terra cotta companies in the 
The vitreous sanitary pottery company in 
the country. = 
The largest solid porcelain pottery. company im 
the country. 
The two largest floor and wall tile companies in 

the country. 
The largest faience company in the country. 
The largest enameled sanitary ware company in | 
the country. 
The largest enameled stove company in the * 
country. 
The largest enameled stove parts company in the 
country. 
The largest enameled steel pens company in 
the country. 
The largest enameled iron sonaiiy company in 
the country. 
One of the two largest enameled sign companies 
in the country. 
Three of the largest enameled cooking ware com- 
panies in the country. 
The class of firms using our product is impressive 
proof of its high quality and uniformity. 


A good article sold at a fair price r 
will find an ever widening market 


METAL.& THERMIT CORPORATION 


Ceramic Department 120 Broadway | 
Homer F. Staley, Mgr. | New York | 


| Some “Largest” Users of a? | 
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